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Vincamine prevents lipopolysaccharide induced
inflammation and oxidative stress via thioredoxin
reductase activation in human corneal epithelial cells
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Abstract: Lipopolysaccharide (LPS) induced keratitis is a progressive infectious ocular disease in which innate inflammatory responses often cause clinical tissue damage and vision loss. In this study, the potential protective
effects of vincamine, a plant alkaloid used clinically as a peripheral vasodilator, against LPS induced inflammation
and oxidative stress were investigated on human corneal epithelial cells (HCECs). HCECs were treated with LPS
and vincamine at various concentrations. Cell viability, reactive oxygen species (ROS) levels, and the gene expression levels of interleukin-6 (IL-6), IL-8, IL-1β, TNF-α, transforming growth factor-β (TGF-β) in HCECs, were assessed.
The antioxidant potential of vincamine was evaluated by measuring the levels of malondialdehyde (MDA), total
antioxidant capacity (T-AOC), and superoxide dismutase (SOD). The effects of vincamine on intracellular activities
of thioredoxin reductase (TrxR) as well as other anti-oxidant proteins were also investigated in LPS treated HCECs.
The results showed that vincamine protected HCECs from LPS induced cell viability reduction and ameliorated the
inflammation. Vincamine exhibited a strong antioxidant activity, decreasing ROS levels and regulating the levels
of SOD, T-AOC and MDA. Vincamine also exerted anti-inflammatory activities by decreasing IL-6, IL-8, IL-1β, TNF-α,
TGF-β expression. Intracellular TrxR activity was significantly activated by vincamine. These findings suggest that
vincamine exerts positive effects against LPS induced oxidative stress and inflammation and may be useful in protecting corneal epithelial cells from LPS induced keratitis.
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Introduction
Microbial keratitis is a common ocular infection
caused by bacteria, fungi, viruses or parasites
and is the second most significant cause of
monocular blindness, particularly in certain
developing countries and, generally, in the tropics [1]. Clinically, this infection requires aggressive antimicrobial management to eliminate
the causative organisms, suppress destructive
reactions, and restore normal ocular structure
and vision [2, 3]. However, despite timely and
correct therapeutic strategies, infective keratitis remains clinically challenging, in which
approximately 50% of eyes have poor visual
outcomes [4, 5], because conventional therapies, such as anti-biotic treatment, often fail to
control the tissue damage caused by excessive

local inflammation, even if viable bacteria are
cleared from the cornea [6]. Hence, in addition
to antibiotic treatment, it is also important to
develop new therapeutic modalities to control
the inflammatory response in microbial keratitis. Lipopolysaccharide (LPS) is one of the most
common causes of microbial keratitis to eyes
[7]. As a well-characterized pathogenassociated molecular pattern found in the outer leaflet
of the outer membrane of the bacteria, LPS
induced keratitis is a rapidly progressive infectious ocular disease [8]. A number of key factors were found in the pathogenesis of LPS
induced injury including inflammation and oxidative stress. Previous studies have shown that
inflammatory cells were recruited to the cornea
to produce various pro-inflammatory cytokines
(e.g., IL-6 and IL-1β) and modulate anti-inflam-
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sites and to suppress the expression and activation of the macrophage migration-inhibitory
factors [22, 23]. Because of its desirable antioxidative and anti-inflammatory properties, Trx
system could be a new and potentially effective
therapeutic target for anti-inflammation and
anti-oxidant.

Figure 1. Chemical structure of vincamine.

matory cytokines (e.g., IL-10 and TGF-β) to regulate antibacterial immunity [9-11]. However, if
uncontrolled, these inflammatory mediators
often elicit an overly robust response, resulting
in bystander tissue damage. Thus, tight regulation of innate immune response, especially proinflammatory and anti-inflammatory responses,
is critical for the resolution of LPS induced bacterial keratitis [12]. Cellular redox homeostasis
is normally maintained by a delicate balance
between reactive oxygen species (ROS) generation and antioxidant defenses but when this
balance is disrupted, the overproduction of
ROS elicits DNA, protein and lipid oxidative
damage and induces pro-inflammatory cytokines, leading to LPS mediated corneal inflammation [13-15]. ROS also play a role in the
pathogenesis of glaucoma, stimulating apoptotic and inflammatory pathways [16].
Cytosolic thioredoxin (Trx), thioredoxin reductase (TrxR) and nicotinamide adenine dinucleotide phosphate (NADPH) comprise the mammalian Trx system, which plays powerful roles in
defense mechanism against oxidative stress,
nitrosative stress and in redox regulation [17,
18]. Trx is a small redox-active protein that is
ubiquitously present in mammalian and is one
of the defense proteins induced in response to
various oxidative stress conditions [19, 20].
The reduction of oxidized Trx by NADPH is catalyzed by seleno protein TrxR. TrxR may catalyze
the NADPH-dependent reduction of H2O2, lipid
hydroperoxides and dehydroascorbate as well
[21]. In addition to its potent anti-oxidative
effect, Trx system also has anti-inflammatory
properties, mainly because of its ability to
inhibit neutrophil chemotaxis to inflammatory
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Herbal medicines have been proven to be a
major source of novel agents with various pharmaceutical activities [24-28]. Vincamine, the
chemical structure of which is given in Figure
1, is an indole alkaloid of clinical use against
the brain sclerosis, as well as in post-operative states of the central nervous system [29].
Vincamine seems to act as an oxygen vector in
living cells. Also, it has been proposed for the
treatment of drepanocytosis (sicklemia) [30].
In addition, vincamine possesses a selective
vasoregulator action on the microcapilar circulation, especially in the brain. Vincamine is a
peripheral vasodilator that increased cerebral
blood flow and used as a nootropic agent to
combat the effect of aging [31]. Vincamine has
been shown to be a cerebral metabolic enhancer through its effect on ATP production, efficient
utilization of glucose and oxygen, while at the
same time providing increased protection
against ischemia and hypoxia [32]. Vincamine
enhanced dopaminergic, serotonergic, and noradrenergic functions probably through its antioxidant capacity, comparably to vitamin E
[33-35].
In the present study, the effects of vincamine
on HCECs were investigated. Here we showed
that vincamine presented potent protective
effects against LPS induced oxidative damage
and inflammation in HCECs. The underlying regulatory mechanisms associated with the potential anti-inflammatory and anti-oxidant effects
of vincamine were also investigated.
Materials and methods
Reagents
Vincamine, Pseudomonas aeruginosa LPS, glutamine, fetal bovine serum (FBS), trypsin,
2’,7’-dichlorofluorescein diacetate (DCFH-DA)
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Cell culture media and reagents were
purchased from Invitrogen (Carlsbad, CA).
Dulbecco’s Modified Eagle’s medium (DMEM)
was obtained from Gibco BRL (Grand Island,
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Table 1. The primers used for amplification of
gene by PCR
Genes
IL-6
IL-8
IL-1β
TNF-α
TGF-β
β-actin

Primer Sequence
F: 5’-TGGCTGAAAAAGATGGATGCT-3’
R: 5’-TCTGCACAGCTCTGGCTTGT-3’
F: 5’-TTGGCAGCCTTCCTGATTTC-3’
R: 5’-TGGTCCACTCTCAATCACTCTCA-3’
F: 5’-CCTGTCCTGCGTGTTGAAAGA-3’
R: 5’-GGGAACTGGGCAGACTCAAA-3’
F: 5’-TGTAGCCCATGTTGTAGCAAACC-3’
R: 5’-GAGGACCTGGGAGTAGATGAGGTA-3’
F: 5’-CGCCAGAGTGGTTATCTTTTGA-3’
R: 5’-CGGTAGTGAACCCGTTGATGT-3’
F: 5’-TGGAACGGTGAAGGTGACAG-3’
R: 5’-GGCTTTTAGGATGGCAAGGG-3’

ously described [36, 37]. In brief, HCECs were
seeded into 96-well plates at a density of 2 ×
103 cells per well. After incubation overnight,
cells were treated as indicated concentration
of LPS or vincamine and assessed by CCK-8
assay at 6 and 24 h respectively. 10 μL of
CCK-8 reagent was added to each well and
incubated for 1 h. The difference in absorbance
between 450 and 630 nm was measured by a
microplate reader (BioTek, Winooski, VT, USA)
as an indicator of cell viability. Independent
experiments were done in triplicate. IC50 values
were calculated as the concentration of compound that inhibited the viability of cells by
50% as compared with control cells grown in
the absence of LPS or vincamine.
Treatment of HCECs with LPS and vincamine

NY, USA). Fetal calf serum (FCS) and RPMI
1640 medium were purchased from HyClone
(USA). The antibodies to TrxR, TrX, GR, GPx and
GAPDH were purchased from Cell Signaling
Technology (USA). Other routine laboratory reagents were obtained from Sigma-Aldrich (St.
Louis, MO, USA).
Preparation of vincamine
Vincamine was dissolved in sterile PBS to a
stock concentration of 0.1 M, and stored at 4°C
in the dark to be used within 2 days after
preparation.
Cell line and cultures
HECEs were purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai,
China) and cultured in DMEM supplemented
with 2 mM glutamine, 10% fetal bovine serum,
and antibiotics, incubated in 5% CO2 incubator at 37°C. Cells were passaged at a 1:3 ratio
with trypsin, every 5 to 7 days. In indicated
experiments, cells (2 × 105) were seeded into
6-well culture dishes and allowed to grow 3-4
days until approximately 90% confluent. Preliminary experiments were performed to identify the suitable LPS concentration able to induce
a significant ROS production with no cytotoxic
effects. In preliminary experiments, LPS and
vincamine were also tested for cytotoxicity as
described below.
Cell viability assay
Cell viability was quantified by Cell Counting
Kit-8 (CCK-8) (Beyotime, China) assay as previ2197

The HCECs (1.0 × 105 cells/mL) were seeded
into 6-well plates and allowed to attach and
grow overnight. They were then replaced with 1
mL of growth medium containing 0.5, 1, 5, 10,
20, 50 and 100 μg/mL of LPS and 1 mL of
DMEM supplemented with 5% (v/v) FBS as a
blank control group for 24 h, respectively. The
experimental groups are listed as follows: control, LPS (10 μg/mL), vincamine (20 μM) + LPS
(10 μg/mL), vincamine (40 μM) + LPS (10 μg/
mL), and vincamine (80 μM) + LPS (10 μg/mL).
RNA extraction and quantitative real-time PCR
To investigate the change of the mRNA expression of inflammatory factors including interleukin-6 (IL-6), IL-8, IL-1β, TNF-α, transforming
growth factor-β (TGF-β) in HCECs, RT-PCR analyses were performed. Total RNA was extracted
from cells using an MN-total RNA isolation kit
(Machereynagel, Germany) according to the
manufacturer’s instructions. First-strand cDNA
were synthesized using the transcriptor first
strand cDNA synthesis kit (Roche, Switzerland).
The primers used to amplify IL-6, IL-8, IL-1β,
TNF-α, TGF-β and β-actin are described in Table
1. Real-time studies were carried out using the
SYBR Premix Ex TaqTM kit (TaKaRa, Japan) with
β-actin as the reference gene.
Measurement of oxidative stress
Oxidative stress was assessed by measuring
malondialdehyde (MDA), total antioxidant capacity (T-AOC), and superoxide dismutase (SOD)
levels. HCECs cultured in six-well plates (4 ×
104 cells/well) for 24 h were treated with variAm J Transl Res 2018;10(7):2195-2204

Vincamine prevents inflammation via activating thioredoxin reductase
ering Institute, Nanjing, China)
following the manufacturer’s
instructions.
Measurement of ROS Production
Figure 2. Vincamine increased the viability of LPS treated HCECs. A. Effect of
LPS on cell viability by CCK-8 assay in HCECs. Viability of untreated control
cells was 100% and it decreased with increase in LPS concentration administered for 24 h. The results are expressed as mean ± SD (n = 6). *P < 0.05,
**P < 0.01 as compared with the control cells. B. Effect of vincamine on cell
viability by CCK-8 assay in LPS treated HCECs at 24 h. Viability of HCECs was
increased after vincamine administration in a dose-dependent manner. The
results are expressed as mean ± SD (n = 6). #P < 0.05, as compared with the
control cells. *P < 0.05, **P < 0.01 as compared with the LPS treated cells.

To determine whether vincamine affects ROS generation, the contents of intracellular ROS was measured using the ROS assay kit (Beyotime Biotechnology, Haimen, China). The oxidation of
DCFH-DA to 2’,7’-dichlorofluorescein (DCF) was used to
estimate the content of ROS.
The cells of the experimental
groups in 6-well culture dishes were incubated with DCFHDA (1:5000, v/v) for 20 min
and washed three times by
serum-free DMEM, with group
used as the positive control.
The production of ROS was
determined using a ROS Assay Kit in accordance with the
manufacturer’s instructions
(Beyotime, Shanghai, China).
Western blot analysis

After treatments, HCECs were
harvested, and homogenized
in 200 μL RIPA lysis buffer.
Figure 3. Effects of vincamine on the production of ROS, SOD, MDA, and
Then were extracted and the
T-AOC in LPS treated HCECs. LPS treatment significantly increased the valprotein concentration was
ues of the intracellular ROS and MDA levels in the HCECs. The T-AOC, and
determined by Lowry method.
SOD levels were decreased significantly. However, vincamine administration
Protein lysates (40 μg) from
reduced the values of the intracellular ROS and MDA, while increased the
levels of T-AOC, and SOD in a dose dependent manner. All data were shown
each sample were subjected
as mean ± SD of eight rats. #P < 0.05 vs. control group, *P < 0.05 vs. LPS
to SDS-PAGE on 10% acryltreated group.
amide gel and the separated
proteins transferred to a PVDF
ous concentrations of vincamine and LPS.
membrane. After transfer, the membranes
HCECs were then digested with trypsin and
were blocked with 5% non-fat dry milk in TBS
washed twice in PBS. Thereafter, cells were
for 1 h at room temperature, then the memsuspended in 500 μL of PBS and lysed by ulbranes were incubated with primary antibodies
trasonication in the presence of protease into TrxR, TrX, GR, GPx, and GAPDH overnight at
hibitor before centrifugation at 4,000 rpm for 5
4°C followed by secondary horseradish peroximin. The supernatant was collected for analydase-labeled antibody (1:2000). The bound
sis. Supernatant protein concentrations were
antibodies were visualized using the ECL blotmeasured using a Bradford protein assay kit
ting detection system. The relative expression
from KeyGen Biotech (Nanjing, China). The levof proteins was quantiﬁed densitometrically
els of MDA, T-AOC, and SOD were measured
with the software ImageJ and calculated
using appropriate kits (Jiancheng Bioengineaccording to the reference bands of GAPDH.
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Determination of TrxR and Trx activity in cell
lysates by insulin reduction assay
Freshly collected cell lysates were used to
determine cellular Trx and TrxR activities as
described previously [38]. Briefly, to measure
TrxR activity, in each well of a 96-well plate, 25
μg of cell lysate was incubated in a final volume
of 50 μL containing 85 mM Hepes (pH 7.6), 0.3
mM insulin, 10 μM Trx, 2.5 mM EDTA and 660
μM NADPH for 40 min at 37°C. 200 μL of 1 mM
DTNB in 6 M guanidine-HCl, 200 mM Tris-HCl
pH 8.0 solution was added to quench the reaction. The amount of free thiols generated from
insulin reduction was determined by DTNB
reduction at 412 nm using the VersaMax microplate reader. To measure Trx activity, procedures were carried out similarly to those for
determining cellular TrxR activity, except that
the cell lysates were incubated with TrxR in
place of Trx. Controls containing lysates and all
reaction reagents except TrxR for each lysate
sample were also set up. For each sample, Trx
or TrxR activity was calculated as the absorbance at 412 nm subtracted from that of the
corresponding control and expressed as a percentage of the activity measured in DMSOtreated cells.
Determination of GPx activity in cell lysates by
GPx activity assays
For determination of cellular GPx activity, vincamine (20, 40, 80 μM) was incubated with
lysates of HCECs (25 μg protein), 20 nM GR, 1
mM GSH and 200 μM NADPH in a volume of
100 μL phosphate buffer (0.1 M sodium phosphate, 2 mM EDTA pH 7.5) for 1 h at room temperature. H2O2 solution in phosphate buffer
was added to initiate the reaction (final concentration 1.5 mM). NADPH consumption was
monitored at 340 nm using the VersaMax
microplate reader. The results were calculated
based on change in absorbance in the initial 3
min and presented as a percentage of GPx
activity of drug-treated sample over that of
DMSO-treated sample.
Determination of GR activity in cell lysates by
glutathione reduction assay
To determine cellular GR activity, 25 μg of cell
lysate was mixed with a solution of GSSG and
NADPH in phosphate buffer to a final volume
of 200 μL (final GSSG and NADPH concentra-
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tions 1 mM and 200 μM respectively). The
enzyme activity was determined by measuring
the decrease in absorbance at 340 nm for 10
min at 37°C and expressed as a percentage of
the enzyme activity of that of the DMSO-treated
sample.
Statistical analysis
The data were expressed as means ± standard
deviation (SD). T-test was used to compare the
difference between the two groups. Statistical
analyses between three or more groups were
analyzed by one-way analysis of variance
(ANOVA) by using SPSS software version 16.0
(IBM, Armonk, NY). Values for P < 0.05 were
considered statistically significant.
Results
Effect of the vincamine on cell viability in LPS
treated HCECs
Figure 2A shows the relationship between LPS
concentration and percentage of cell survival
relative to the control. Exposure of HCECs to
various concentrations of LPS resulted in a
concentration-dependent decrease in cell viability. Specifically, after a 24 h exposure with 10
μg/mL LPS, about 52.2% of the viability was
remained, while in the cells exposed to 20, 50
and 100 μg/mL LPS, the relative viability was
32.3, 20.1 and 14.6%, respectively (Figure 2A).
The results in Figure 2B show that vincamine
(20, 40 and 80 μM) administration exerted a
signiﬁcant, concentration-dependent protective effect.
Vincamine reduced ROS levels in LPS treated
HCECs
ROS levels were significantly increased in LPS
treated HCECs (Figure 3). Vincamine significantly reduced ROS level in a dose-dependent
manner (Figure 3). ROS levels in the vincamine
40 and 80 μΜ groups were significantly lower
than the level in the model control group (P <
0.01).
Vincamine attenuated the oxidative stress in
LPS treated HCECs
As shown in Figure 3, compared to untreated
control HCECs, the intracellular MDA levels
were significantly elevated in LPS treated cells,
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Figure 4. Effects of vincamine on inflammatory mediators in LPS treated HCECs. Cytokines including IL-6, IL-8,
IL-1β, TNF-α, and TGF-β in LPS treated HCECs were determined using ELISA. All these cytokines were significantly
increased by LPS treatment. However, vincamine reduced the values of these cytokines significantly in a dose dependent manner. All the data were shown as mean ± SD of eight rats. ##P < 0.01 vs. control group, *P < 0.05, **P
< 0.01 vs. LPS treated group.

SOD were increased in a
dose-dependent manner.
Effects of vincamine on the
expressions of IL-6, IL-8, IL1β, TNF-α and TGF-β mRNA
in LPS treated HCECs

Figure 5. Effects of vincamine on the intracellular activities of redox proteins.
Dose-dependent effects of vincamine on TrxR, GR, Trx and GPx activities in
LPS treated HCECs. Lysates of cells treated with indicated concentrations
of vincamine for 24 h were assessed for activities of TrxR, GR, Trx and GPx.
Enzyme activities were expressed as a percentage of those in DMSO-treated cells. All data points are means ± SD of two to four independent experiments. *Statistically significant difference (P < 0.05) in enzyme activity as
compared to DMSO control.

while T-AOC, and SOD levels were decreased
significantly. In contrast, after vincamine
administration, the levels of MDA and were significantly reduced while the levels of T-AOC, and
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As shown in Figure 4, the
RT-PCR results revealed that
treatment with LPS could significantly increase the mRNA
expression of inflammatory
factors IL-6, IL-8, IL-1β, TNF-α
and TGF-β. Vincamine treatment in HCECs elicited a significant reduction of IL-6, IL-8,
IL-1β, TNF-α and TGF-β, compared to LPS treated cells.
Vincamine activated the
activity of TrxR in HCECs

The effect of vincamine on
Trx, TrxR, GR and GPx in LPS
treated HCECs was evaluated.
After 30 min of incubation in
the presence of NADPH, the activation of mammalian TrxR by LPS, LPS + vincamine was evaluated in the DTNB reduction assay. As shown in
Figure 5, LPS significantly inhibited the intracel-
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Figure 6. Effects of vincamine on the expression levels of redox proteins. Effect of vincamine on the expression levels of TrxR, GR, Trx and GPx in LPS treated HCECs were analyzed by western blotting. Cells were treated with LPS and
various concentrations of vincamine, then the levels of TrxR, GR, Trx and GPx were detected by Western blot. The
relative expression of proteins was quantiﬁed densitometrically with the software ImageJ and calculated according
to the reference bands of GAPDH.

lular activity of TrxR, while vincamine rescued
TrxR activity in a dose-dependent manner.
However, the intracellular activities of Trx, GR
and GPx were neither inhibited nor activated by
both LPS and vincamine. These results suggested that TrxR activation could potentially
serve as an underlying mechanism for at least
part of the anti-oxidant effects of vincamine.

administration increased the number of apoptotic cells in corneal injury models and
induced the expression of autophagic related
genes. LPS, through its receptor, toll-like receptor 4 (TLR4), can induce cell migration and
proliferation.

Discussion

Dietary phytochemicals consist of a wide variety of biologically active compounds that are
ubiquitous in plants, many of which have been
reported to have pharmaceutical properties.
Epidemiological studies have shown that natural components may play an important role in
preventing human diseases [39, 40]. Among
them, vincamine, which is abundant in Vinca
minor L., has been reported to have therapeutic potential for treating many human diseases
[41, 42]. Vincamine is employed from 1970s in
the therapy of cerebral metabolic and circulatory disorders, since it combines cerebrometabolic and hemodynamic properties [29, 30].
However, no anti-oxidative and anti-inflammation effects of vincamine on LPS treated cells
were reported so far.

Eye infection is one of the major causes of visual impairment and blindness. Well-conserved
structural motifs of different microorganisms
including LPS of the gram-negative bacteria
can mediate innate immune responses leading
to either activation or suppression of inflammatory processes and eventually cell death. LPS

In the present work, we found that vincamine
could protect HCECs from LPS induced injury.
LPS decreased the viability of HCECs significantly, while vincamine treatment increased
HCECs viability in a dose-dependent manner.
Following LPS administration, the mRNA expression levels of IL-6, IL-8, IL-1β, TNF-α and

The effect of vincamine on the expression
levels of Trx, TrxR, GR and GPx in HCECs
The effect of vincamine on the expression levels of Trx, TrxR, GR and GPx in LPS and vincamine treated HCECs was evaluated. Western
blotting analysis revealed that the expression
levels of Trx, TrxR, GR and GPx were not affected either by LPS or by vincamine administration, as shown in Figure 6. These results suggested that the activation of TrxR activity is not
related to the expression changes of this
enzyme.
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TGF-β in HCECs were significantly raised, which
represented a stimulation of inflammatory
responses [43]. Reduction of these inflammatory factors in HCECs by vincamine was also
detected in a dose-dependent manner.
Accumulating evidence has indicated that oxidative stress is a potential cause of corneal
inflammation, and there is an imbalance between the generation of ROS and the capacity to detoxify these intermediates [44]. In addition to looking at indicators of oxidative damage, we also examined the concentrations of
several important antioxidants ROS, SOD,
T-AOC and MDA levels in HCECs. SOD is an important member of the antioxidant enzymatic
defense system and the level of T-AOC reflects
the overall cellular endogenous antioxidative
capability [45]. And MDA level reflects the
degree of organic lipid peroxidation, which indicated the severity of damage to cell membranes [46]. It was shown that in the LPS treated cells, MDA and ROS levels were substantially increased while SOD and T-AOC levels were
reduced. In contrast, vincamine remarkably
decreased the levels of MDA and ROS, and
simultaneously enhanced the levels of SOD
and T-AOC. Those results suggested that vincamine could significantly suppress LPS-induced inflammation and oxidative stress, which
might explain the protective mechanisms
against microbial keratitis induced by LPS.
Trx system is a very important anti-oxidative
system which has been reported many effects,
such as regulating cellular reduction/oxidation
(redox) status and cell proliferation/cell survival
processes [47]. Trx system has also been
reported to regulate the pathologic processes
of several kinds of tumors [17], as well involved in cardiovascular disease, heart failure,
stroke, inflammation, metabolic syndrome, and
other diseases [48]. However, Trx’s function in
microbial keratitis has not been thoroughly
investigated. In the present study, we found
that vincamine activated the activity of TrxR
without affecting the activities of GR, Trx, and
GPx. Interestingly, the expression levels of all
these proteins were not affected significantly
by both LPS and vincamine. These results indicated that the intracellular TrxR activity was
specificly activated by vincamine adminstration. Its selectivity towards cellular TrxR activation over related antioxidant enzymes GR, Trx
and GPx suggested that vincamine showed
2202

anti-oxidant activity via targeting TrxR. TrxR
activation mediated by vincamine led to cellular
Trx reduction, decreased oxidative stress and
inhibition of inflammation.
Conclusions
In summary, our study provided direct evidence
to prove that LPS induced inflammation and
oxidative stress in HCECs. Both inflammatory
mediators’ production and oxidative stress
could be significantly inhibited by vincamine,
through an activation of TrxR acitivity. Further
investigation should be carried out to identify
the accurate mechanism of vincamine’s impact
on Trx system in microbial keratitis.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Jie Zhang, Shanghai University of Traditional Chinese Medicine, No.
1200 Cailun Road, Shanghai 201203, China. Tel:
86-21-51322222; 18516042010; E-mail: jzhang_
shtcm@sina.com

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

Carnt N, Samarawickrama C, White A and Stapleton F. The diagnosis and management of
contact lens-related microbial keratitis. Clin
Exp Optom 2017; 100: 482-493.
Keay L, Edwards K, Naduvilath T, Taylor HR,
Snibson GR, Forde K and Stapleton F. Microbial keratitis predisposing factors and morbidity.
Ophthalmology 2006; 113: 109-116.
Wong T, Ormonde S, Gamble G and McGhee
CN. Severe infective keratitis leading to hospital admission in New Zealand. Br J Ophthalmol
2003; 87: 1103-1108.
Schaefer F, Bruttin O, Zografos L and GuexCrosier Y. Bacterial keratitis: a prospective
clinical and microbiological study. Br J Ophthalmol 2001; 85: 842-847.
Levey SB, Katz HR, Abrams DA, Hirschbein MJ
and Marsh MJ. The role of cultures in the management of ulcerative keratitis. Cornea 1997;
16: 383-386.
Engel LS, Callegan MC, Hobden JA, Reidy JJ,
Hill JM and O’Callaghan RJ. Effectiveness of
specific antibiotic/steroid combinations for
therapy of experimental pseudomonas aeruginosa keratitis. Curr Eye Res 1995; 14: 229234.
Cao Y, Bindslev DA and Kjærgaard SK. Estimation of the in vitro eye irritating and inflammatory potential oflipopolysaccharide (LPS) and

Am J Transl Res 2018;10(7):2195-2204

Vincamine prevents inflammation via activating thioredoxin reductase

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

dust by using reconstituted human corneal
epithelium tissue cultures. Toxicol Mech Methods 2015; 25: 402-409.
Guo L, Dong W, Fu X, Lin J, Dong Z, Tan X and
Zhang T. Tripartite motif 8 (TRIM8) positively
regulates pro-inflammatory responses in pseudomonas aeruginosa-induced keratitis through
promoting K63-linked polyubiquitination of
TAK1 protein. Inflammation 2017; 40: 454463.
Valenti P, Frioni A, Rossi A, Ranucci S, De Fino
I, Cutone A, Rosa L, Bragonzi A and Berlutti F.
Aerosolized bovine lactoferrin reduces neutrophils and pro-inflammatory cytokines in mouse
models of Pseudomonas aeruginosa lung infections. Biochem Cell Biol 2017; 95: 41-47.
Zhao HF, Jiang WD, Liu Y, Jiang J, Wu P, Kuang
SY, Tang L, Tang WN, Zhang YA, Zhou XQ and
Feng L. Dietary choline regulates antibacterial
activity, inflammatory response and barrier
function in the gills of grass carp (Ctenopharyngodon idella). Fish Shellfish Immunol 2016;
52: 139-50.
Jang JH, Kim H and Cho JH. Rainbow trout peptidoglycan recognition protein has an anti-inflammatoryfunction in liver cells. Fish Shellfish
Immunol 2013; 35: 1838-47.
Chen K, Wu Y, Zhu M, Deng Q, Nie X, Li M, Wu
M and Huang X. Lithium chloride promotes
host resistance against pseudomonas aeruginosa keratitis. Mol Vis 2013; 19: 1502-1514.
Li J, Deng R, Hua X, Zhang L, Lu F, Coursey TG,
Pflugfelder SC and Li DQ. Blueberry component pterostilbene protects corneal epithelial
cells from inflammation via anti-oxidative pathway. Sci Rep 2016; 6: 19408.
Chen Y, Li M, Li B, Wang W, Lin A and Sheng M.
Effect of reactive oxygen species generation in
rabbit corneal epithelial cells oninflammatory
and apoptotic signaling pathways in the presence of high osmotic pressure. PLoS One
2013; 8: e72900.
Park JH, Kang SS, Kim JY and Tchah H. Nerve
growth factor attenuates apoptosis and inflammation in the diabetic cornea. Invest Ophthalmol Vis Sci 2016; 57: 6767-6775.
Garrido Serrano A, Leon R, Sayago M and
Márquez JL. Thalidomide treatment in cirrhotic
patients with severe anemia secondary to vascular malformations. Dig Dis Sci 2012; 57:
1112-1113.
Matsuzawa A. Thioredoxin and redox signaling:
roles of the thioredoxin system in control of cell
fate. Arch Biochem Biophys 2017; 617: 101105.
Benhar M, Shytaj IL, Stamler JS and Savarino
A. Dual targeting of the thioredoxin and glutathione systems in cancer and HIV. J Clin Invest
2016; 126: 1630-1639.

2203

[19] Zhang J, Yao J, Peng S, Li X and Fang J. Securinine disturbs redox homeostasis and elicits
oxidative stress-mediated apoptosis via targeting thioredoxin reductase. Biochim Biophys
Acta 2017; 1863: 129-138.
[20] Del Vesco AP, Khatlab AS, Goes ESR, Utsunomiya KS, Vieira JS, Oliveira Neto AR and Gasparino E. Age-related oxidative stress and antioxidant capacity in heat-stressed broilers.
Animal 2017; 11: 1783-1790.
[21] Kim YC, Yamaguchi Y, Kondo N, Masutani H
and Yodoi J. Thioredoxin dependent redox regulation of the antioxidant responsive element
(ARE) in electrophile response. Oncogene
2003; 22: 1860-1865.
[22] Holmgren A, Johansson C, Berndt C, Lönn ME,
Hudemann C and Lillig CH. Thiol redox control
via thioredoxin and glutaredoxin systems. Biochem Soc Trans 2005; 33: 1375-1377.
[23] Lu J and Holmgren A. Thioredoxin system in
cell death progression. Antioxid Redox Signal
2012; 17: 1738-1747.
[24] Liang Y, Tian W and Ma X. Inhibitory effects of
grape skin extract and resveratrol on fatty acid
synthase. BMC Complement Altern Med 2013;
13: 361.
[25] Yuan Q, Chen R, Zheng X, Meng M, Kao Y, Liu J,
Gan X, Shi M, Fu J, Jiang S and Yu H. Chinese
herbal medicine Xinji pill protects the heart
from ischemia/reperfusion injury through the
Akt/Nrf2 pathway. Mol Med Rep 2017; 16:
1551-1558.
[26] Jiang B, Liang Y, Sun X, Liu X, Tian W and Ma X.
Potent inhibitory effect of Chinese dietary spices on fatty acid synthase. Plant Foods Hum
Nutr 2015; 70: 257-262.
[27] Chao J, Dai Y, Verpoorte R, Lam W, Cheng YC,
Pao LH, Zhang W and Chen S. Major achievements of evidence-based traditional Chinese
medicine in treating major diseases. Biochem
Pharmacol 2017; 139: 94-104.
[28] Nie F, Liang Y, Xun H, Sun J, He F and Ma X.
Inhibitory effects of tannic acid in the early
stage of 3T3-L1 preadipocytes differentiation
by down-regulating PPARγ expression. Food
Funct 2015; 6: 894-901.
[29] Dany F, Liozon F, Goudoud JC, Castel JP, Michel
JP, Marsaud P, Merle L and Dallocchio M. Torsades de points et arythmies ventriculaires
graves par administration parenteral de vincamine. Arch Mal Coeur 1980; 73: 298-306.
[30] Lim CC, Cook PJ and James IM. The effect of an
acute infusion of vincamine and ethyapovincaminate on cerebral blood flow in healthy volunteers. Br J Clin Pharmacol 1980; 9: 100101.
[31] Rassat J, Robenek H and Themann H. Changes in mouse hepatocytes caused by vincamin.
A thin-sectioning and freeze-fracture study.

Am J Transl Res 2018;10(7):2195-2204

Vincamine prevents inflammation via activating thioredoxin reductase

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Naunyn Schmiedebergs Arch Pharmacol 1982;
318: 349-357.
Pesce E, Vigano V and Piacenza G. Action of
vincamine on platelet respiration. Farmaco
1978; 33: 343-350.
Fayed AH. Brain trace element concentration
of rats treated with the plant alkaloid, vincamine. Biol Trace Elem Res 2010; 136: 314319.
Han J, Qu Q, Qiao J and Zhang J. Vincamine
alleviates amyloid-β 25-35 peptides-induced
cytotoxicity in PC12 cells. Pharmacogn Mag
2017; 13: 123-128.
Na R, Jiajia L, Dongliang Y, Yingzi P, Juan H,
Xiong L, Nana Z, Jing Z and Yitian L. Indentification of vincamine indole alkaloids producing
endophytic fungi isolated from nerium indicum, apocynaceae. Microbiol Res 2016; 192:
114-121.
Fan H, Liang Y, Jiang B, Li X, Xun H, Sun J, He
W, Lau HT and Ma X. Curcumin inhibits intracellular fatty acid synthase and induces apoptosis in human breast cancer MDA-MB-231
cells. Oncol Rep 2016; 35: 2651-2656.
Li P, Tian W, Wang X and Ma X. Inhibitory effect
of desoxyrhaponticin and rhaponticin, two natural stilbene glycosides from the Tibetan nutritional food rheum tanguticum maxim. ex Balf.,
on fatty acid synthase and human breast cancer cells. Food Funct 2014; 5: 251-256.
Kaminska KK, Bertrand HC, Tajima H, Stafford
WC, Cheng Q, Chen W, Wells G, Arner ES and
Chew EH. Indolin-2-one compounds targeting
thioredoxin reductase as potential anticancer
drug leads. Oncotarget 2016; 7: 4023351.
Nie F, Liang Y, Jiang B, Li X, Xun H, Sun J, He W,
Lau HT and Ma X. Apoptotic effect of tannic
acid on fatty acid synthase over-expressed human breast cancer cells. Tumor Biol 2016; 37:
2137-2143.
Li P, Tian W and Ma X. Alpha-mangostin inhibits intracellular fatty acid synthase and induces apoptosis in breast cancer cells. Mol Cancer 2014; 13: 138.

2204

[41] Han J, Qu Q, Qiao J and Zhang J. Vincamine
alleviates amyloid-β 25-35 peptides-induced
cytotoxicity in PC12 cells. Pharmacogn Mag
2017; 13: 123-128.
[42] Fandy TE, Abdallah I, Khayat M, Colby DA and
Hassan HE. In vitro characterization of transport and metabolism of the alkaloids: vincamine, vinpocetine and eburnamonine. Cancer Chemother Pharmacol 2016; 77: 259-267.
[43] Xiao K, Cao ST, Jiao le F, Lin FH, Wang L and Hu
CH. Anemonin improves intestinal barrier restoration and influences TGF-β1 and EGFR signaling pathways in LPS-challenged piglets. Innate Immun 2016; 22: 344-352.
[44] Okamura DM and Pennathur S. The balance of
powers: redox regulation of fibrogenic pathways in kidney injury. Redox Biol 2015; 6: 495504.
[45] Zhang HX, Liu SJ, Tang XL, Duan GL, Ni X, Zhu
XY, Liu YJ and Wang CN. H2S attenuates LPSinduced acute lung injury by reducing oxidative/nitrative stress and inflammation. Cell
Physiol Biochem 2016; 40: 1603-1612.
[46] He A, Yuan J, Jiang J and Sheng GD. Suppression of chloromethylphenol accumulation in
wheat seedlings by uptake-induced phytotoxicity. Chemosphere 2016; 164: 263-270.
[47] Lu J and Holmgren A. The thioredoxin antioxidant system. Free Radic Biol Med 2014; 66:
75-87.
[48] Hoshino T, Nakamura H, Okamoto M, Kato S,
Araya S, Nomiyama K, Oizumi K, Young HA,
Aizawa H and Yodoi J. Redox-active protein
thioredoxin prevents proinflammatory cytokineor bleomycin-induced lung injury. Am J
Respir Crit Care Med 2003; 168: 1075-1083.

Am J Transl Res 2018;10(7):2195-2204

