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Abstract

Oxidative stress is considered a major contributor in the pathogenesis of diabetic neuropathy and in diabetes complications,
such as nephropathy and cardiovascular diseases. Diabetic neuropathy, which is the most frequent complications of diabetes,
affect sensory, motor, and autonomic nerves. This study aimed to investigate whether 7,8-dihydroxyflavone (7,8-DHF) protects
SH-SY5Y neuronal cells against high glucose-induced toxicity. In the current study, we found that diabetic patients exhibited
higher lipid peroxidation caused by oxidative stress than healthy subjects. 7,8-DHF exhibits superoxide anion and hydroxyl radical
scavenging activities. High glucose-induced toxicity severely damaged SH-SY5Y neuronal cells, causing mitochondrial depolar-
ization; however, 7,8-DHF recovered mitochondrial polarization. Furthermore, 7,8-DHF effectively modulated the expression of
pro-apoptotic protein (Bax) and anti-apoptotic protein (Bcl-2) under high glucose, thus inhibiting the activation of caspase signaling
pathways. These results indicate that 7,8-DHF has antioxidant effects and protects cells from apoptotic cell death induced by high
glucose. Thus, 7,8-DHF may be developed into a promising candidate for the treatment of diabetic neuropathy.
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INTRODUCTION

Hyperglycemia plays an important role in the develop-
ment of serious complications such as diabetic neuropathy,
nephropathy, and retinopathy (Rahimi-Madiseh et al., 2016).
Diabetic neuropathy is a serious consequence of prolonged
exposure to high glucose that leads to neuronal damage, re-
sulting in neuronal and neural diabetic complications (Sha-
keel, 2015). Glucose neurotoxicity in patients with diabetes
may be due to oxidative stress, which is promoted by free
radical generation and impaired free radical scavenging (Babi-
zhayev et al., 2015).

Hyperglycemia has been shown to activate a number of
glucose metabolism pathways that are implicated in the de-
velopment of neuropathy, in both in vitro and in vivo models of
diabetes (Rahimi-Madiseh et al., 2016).

Apoptosis has been suggested as a possible mechanism
for high glucose-induced neuronal cell death. It has been es-

tablished that apoptosis contributes to neuronal loss in most
neurodegenerative diseases (Waldmeier and Tatton, 2004).
Two major apoptotic pathways have been identified: the death
receptor-mediated pathway and the mitochondrial apoptotic
pathway. The mitochondrial pathway involves a release of mi-
tochondrial apoptotic proteins, such as cytochrome c (Lee and
Lee, 2018). Although the mechanism underlying the release of
mitochondrial apoptotic proteins remains unclear, B cell lym-
phoma-2 (Bcl-2) family members play a central role in regu-
lating mitochondrial outer membrane permeability (Dai et al.,
2016). Apoptosis occurs when pro-apoptotic proteins, such
as Bcl-2-associated X protein (Bax) and Bcl-2 homologous
antagonist killer, bind to the mitochondrial outer membrane,
where they initiate changes in mitochondrial outer membrane
permeability (Czabotar et al., 2014; Liu et al., 2018).
Flavonoids are natural polyphenolic compounds found
in fruits, vegetables, and tea. Growing evidence shows that
some flavonoids are neuroprotective, although the underly-
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ing mechanisms are not fully understood. Recently, 7,8-di-
hydroxyflavone (7,8-DHF), a member of the flavonoid family,
has been identified as a selective tropomyosin receptor kinase
B agonist, and it provides protection against neuronal injury
involved in Parkinson’s disease, Alzheimer’s disease, and
stroke (Yang et al., 2014).

In this study, we explored the antioxidant and cytoprotective
effects of 7,8-DHF against high glucose-induced cytotoxicity
in SH-SY5Y neuronal cells and investigated the underlying
mechanisms.

MATERIALS AND METHODS

Reagents and chemicals

7,8-DHF was purchased from Tokyo Chemical Industry Co.
(Chuo-ku, Tokyo, Japan) and was dissolved in dimethyl sulfoxide
(DMSO). The final concentration of DMSO did not exceed 0.02%.
5,5-Dimethyl-1-pyrroline-N-oxide (DMPO), 2',7'-dichlorofluo-
rescin diacetate (DCF-DA), and Hoechst 33342 were purchased
from Sigma-Aldrich (St. Louis, MO, USA). 5,5',6,6"-Tetrachloro-
1,1",3,3"-tetraethyl-benzimidazolylcarbocyanine iodide (JC-1)
was purchased from Invitrogen (Carlsbad, CA, USA). Primary
antibodies against Bax and Bcl-2 were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Primary antibodies
against caspase 9 and caspase 3 antibodies were purchased
from Cell Signaling Technology (Beverly, MA, USA).

Cell culture

SH-SY5Y neuronal cells were grown in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% fetal bovine se-
rum, 100 U/ml penicillin, and 100 U/ml streptomycin. The cells
were maintained at 37°C in a humidified atmosphere of 5%
CO,, and were cultured in polystyrene tissue culture dishes.
The medium was changed every other day and the cells were
plated at an appropriate density for each experiment.

Lipid peroxidation assay

The human bio-specimens used in this study were provided
by the Jeju National University Hospital Biobank, a member of
the National Biobank of South Korea supported by the Min-
istry of Health and Welfare. All samples were obtained with
written informed consent, according to the Institutional Review
Board (IRB) protocol (No. 2014-10-004), which was approved
by the Institutional Review Board of the Jeju National Uni-
versity. Blood samples were obtained from 10 patients with
type 2 diabetes mellitus (T2DM) and 10 healthy volunteers.
Blood was allowed to clot for 30 min before centrifugation at
1,000%g. Separated serum samples were stored at —70°C
until assayed for 8-isoprostane by enzyme-linked immunosor-
bent assay (ELISA) (Cayman chemical, Ann Arbor, MI, USA).
Briefly, 100 ul of standards and serum samples were placed in
a 96-well plate that was pre-coated with a polyclonal antibody
against 8-isoprostane. 8-Isoprostane in the sample or an alka-
line phosphatase molecule covalently bound to 8-isoprostane
was allowed to bind in a competitive manner. After simultane-
ous incubation at room temperature, excess reagents were
washed away and substrate was added. After a 1 h incuba-
tion, the enzyme reaction was stopped and the generated yel-
low color was measured on a microplate reader at 405 nm.
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Cell viability

The effect of 7,8-DHF on the viability of SY-SH5Y cells was
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay, which is based on the cleavage
of the tetrazolium salt by mitochondrial dehydrogenase in vi-
able cells (Kim et al., 2016). Cells were seeded in a 96-well
plate at a concentration of 1x10° cells/ml and cultured for 16
h. Then, the cells were treated with 7,8-DHF at 5 pg/ml and
N-acetylcysteine (NAC), a ROS scavenger, at 2 mM. One hour
later, 150 uM of glucose was added to the plate and cells were
incubated for an additional 24 h at 37°C. Fifty microliters of
MTT stock solution (2 mg/ml) was then added to each well (to-
tal reaction volume: 200 pl). After 4 h of incubation, the plate
was centrifuged at 800xg for 5 min and the supernatants were
aspirated. The formazan crystals in each well were dissolved
in 150 ul DMSO and the absorbance at 540 nm was measured
by using a scanning multi-well spectrophotometer (Sunrise,
Tecan, Maennedorf, Switzerland).

Detection of superoxide anion and hydroxyl radical

Superoxide anions generated by the xanthine-xanthine oxi-
dase system and hydroxyl radicals generated by the Fenton
reaction (H.O.+FeSO,) were reacted with DMPO. The resul-
tant DMPO/*OOH and DMPO/-OH adducts were measured
using a JES-FA200 electron spin resonance (ESR) spectrom-
eter (JEOL Ltd., Tokyo, Japan) (Kimura et al., 2016). The ESR
spectrometer parameters were set as described previously
(Cha et al., 2014).

Intracellular ROS measurement

To detect intracellular ROS, the DCF-DA method was used.
DCF-DA diffuses into cells, where it is hydrolyzed to polar
2’,7’-dichlorodihydrofluorescein by intracellular esterase. This
non-fluorescent fluorescein analog is trapped inside the cells
and can be oxidized to the strongly fluorescent 2’,7’-dichloro-
fluorescein by intracellular oxidants (Anil Kumar et al., 2018).
SY-SH5Y cells were seeded in a 96-well plate at 1x10° cells/
ml and were treated with 5 ug/ml of 7,8-DHF 16 h after seed-
ing. Thirty minutes later, 150 uM of glucose was added to the
plate. The cells were incubated for an additional 30 min at
37°C. The fluorescence of 2’,7’-dichlorofluorescein was de-
tected at 485 nm excitation and 535 nm emission using a
PerkinElmer LS-5B spectrofluorometer. The intracellular ROS
scavenging activity (%) was calculated as [(optical density of
glucose)—(optical density of glucose with 7,8-DHF treatment)]/
(optical density of glucose)x100. In addition, intracellular ROS
were analyzed by confocal microscopy after staining with
DCF-DA (Carl Zeiss, Oberkochen, Germany).

Hoechst 33342 staining

Chromosome staining of SH-SY5Y cells was performed us-
ing Hoechst 33342. Briefly, cells were washed with PBS and
then fixed with methanol at 37°C for 15 min. Hoechst 33342
(1 ng/ml) was added to each well and the cells were further
incubated at 37°C for 30 min in the dark. Control and apop-
totic SH-SY5Y cells were visualized under a fluorescence mi-
croscope equipped with a CoolSNAP-Pro color digital camera
to examine the degree of nuclear condensation (Park et al.,
2017).

Mitochondrial membrane potential analysis
The mitochondrial membrane potential Ay was determined
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Fig. 1. Serum 8-isoprostane levels in patients with T2DM and
healthy controls. Serum levels of 8-isoprostane were determined
by 8-isoprostane ELISA. *p<0.05.

by confocal image analysis and flow cytometry. SY-SH5Y cells
were treated with 7,8-DHF at 5 pug/ml for 1 h. Then, 150 pM
of glucose was added to the plate and the mixture was incu-
bated for 24 h. After refreshing the media, JC-1 was added
to each well and the cells were incubated for an additional
30 min at 37°C. After washing with phosphate-buffered saline
(PBS), the stained cells were mounted onto microscope slides
in mounting medium (DAKO, Carpinteria, CA, USA). Micro-
scopic images were captured on a confocal microscope us-
ing the Laser Scanning Microscope 5 PASCAL program (Carl
Zeiss, Jena, Germany). For flow-cytometric measurement of
Aym, cells were harvested, washed, and suspended in PBS
containing JC-1 (10 ug/ml). After incubation at 37°C for 15
min, the cells were washed, suspended in PBS, and analyzed
by flow cytometry (BD FACSCalibur, Becton Dickinson, San
Jose, CA, USA).

Western blot analysis

SY-SH5Y cells were seeded in a culture plate at 1x10°
cells/ml. Sixteen hours after plating, the cells were treated with
5 pg/ml 7,8-DHF. At indicated times, the cells were harvested
and washed twice with PBS. Then harvested cells were lysed
on ice in 100 pl of lysis buffer [120 mM NaCl, 40 mM Tris (pH
8), 0.1% NP 40] for 30 min and centrifuged at 13,000xg for 15
min. Supernatants were collected and protein concentrations
in the lysates were determined by Bradford protein assay. Ali-
quots of the lysates (40 ug of protein) were boiled for 5 min
and electrophoresed in a 10% sodium dodecyl sulfate-poly-
acrylamide gel. Proteins were transferred onto nitrocellulose
membranes (Bio-Rad, Hercules, CA, USA), which were then
incubated with the primary antibodies (diluted 1:1000) over-
night at 4°C. Then, the membranes were incubated with sec-
ondary immunoglobulin G horseradish peroxidase conjugates
(Pierce, Rockford, IL, USA) and exposed to X-ray film. Protein
bands were detected using an enhanced chemiluminescence
western blotting detection kit (Biosciences, Amersham, Buck-
inghamshire, UK).

Statistical analysis

Results were represented as the mean * standard error
(SE). Means were compared by analysis of variance (ANOVA)
followed by Tukey’s post-hoc tests. p<0.05 was considered
significant.
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Fig. 2. Glucose cytotoxicity in SH-SY5Y cells. (A) Dose—response
curve. SH-SY5Y cells (1x10° cells/well) were incubated with 0-200
uM glucose for 24 h, and cell viability was determined by the MTT
reduction assay. Values are the percentages of viable cells, with
the viability of non-treated control cells set as 100%. *p<0.05 vs.
control group. (B) Chemical structure of 7,8-dihydroxyflavone. (C)
The effect of 7,8-DHF on SH-SY5Y cell viability was determined by
MTT assay. (D) The effect of 7,8-DHF on high glucose-induced cy-
totoxicity in SH-SY5Y cells was determined by MTT assay. *p<0.05
vs. control group, **p<0.05 vs. glucose group.

RESULTS

8-Isoprostane levels are higher in patients with type 2
diabetes mellitus

Serum 8-isoprostane levels in patients with T2DM (median
366 pg/ml; range 364-368 pg/ml) were significantly higher than
those in healthy controls (median 221 pg/ml; range 207-237
pg/ml; Fig. 1). Remarkably, 100% (10/10) of the patients with
T2DM exhibited elevated 8-isoprostane levels, while none of
the healthy individuals (n=10) showed increased levels. Thus,
the 8-isoprostane level might discriminate patients with T2DM
from healthy controls. The finding that there was a significant
association between T2DM and 8-isoprostane levels suggests
that oxidative stress is related to diabetes.

7,8-Dihydroxyflavone protects neuronal cells from high
glucose cytotoxicity

The effect of different concentrations of glucose on SH-
SY5Y cell viability was assessed to determine the concentra-
tion of glucose that resulted in a 50% reduction in cell viabil-
ity (ICso value). Following 24 h incubation of SH-SY5Y cells
(1x10* cells/well) with 0-200 uM glucose, cell viability signifi-
cantly declined in a dose-dependent manner. The ICs, was
determined as 150 uM (Fig. 2A), and was used as high glu-
cose level in further experiments. In an MTT-based cytotoxic-
ity assay of 7,8-DHF (Fig. 2B) at various doses in SH-SY5Y
cells, 10 pg/ml of 7,8-DHF was found to be cytotoxic. Thus,
7,8-DHF was used at 5 pg/ml for pretreatment (Fig. 2C). The
7,8-DHF protective effect on cell survival was assessed using
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Fig. 3. Antioxidant effect of 7,8-DHF. (A) The DMPO-OOH gener-
ated by superoxide anion and DMPO were detected by ESR spec-
trometry. *p<0.05, **p<0.05 compared to control and superoxide
anion, respectively. (B) The DMPO-+OH generated by hydroxyl
radical and DMPO were detected by ESR spectrometry. *p<0.05,
**p<0.05 compared to control and hydroxyl radical, respectively.

high glucose-treated SH-SY5Y cells. Cells were treated with
7,8-DHF at 5 ug/ml for 24 h prior to the addition of 150 uM of
glucose. Cell viability was determined 24 h later by MTT as-
say. As shown in Fig. 2D, cells treated with 5 ug/ml 7,8-DHF
alone had a survival rate of 102% compared to 100% for non-
treated control cells, indicating that 7,8-DHF at this concentra-
tion was not cytotoxic for SH-SY5Y cells. 7,8-DHF at 5 pug/mi
increased the cell survival rate of 49% of high glucose-treated
cells to 64%.

7,8-Dihydroxyflavone scavenges ROS

To determine whether 7,8-DHF scavenges ROS, we mea-
sured superoxide anions and hydroxyl radicals by ESR spec-
trometry. We observed superoxide anion signals of 1,575 in
the absence of 7,8-DHF and of 1,157 in the presence of 7,8-
DHF (Fig. 3A). Hydroxyl radical signals were 2,531 in the ab-
sence of 7,8-DHF and 2,232 in its presence (Fig. 3B). These
results suggested that 7,8-DHF directly scavenges ROS.

7,8-Dihydroxyflavone suppresses high glucose-induced
ROS production

To determine the role of ROS in mediating glucose toxic-
ity, intracellular ROS levels in SH-SY5Y cells were measured
using DCF-DA as an indicator. Flow cytometry revealed a
fluorescence intensity of 184 for high glucose-treated cells
pretreated with 5 ng/ml 7,8-DHF compared to a fluorescence
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Fig. 4. Effect of 7,8-DHF on high glucose-induced intracellular
ROS generation. Intracellular ROS were detected by (A) flow cy-
tometry and (B) confocal microscopy after DCF-DA treatment. The
representative confocal images illustrate the increase in red fluo-
rescence intensity of DCF produced by ROS (original magnifica-
tion, 400x). *p<0.05 vs. control group, **p<0.05 vs. glucose group.

intensity of 347 in glucose-treated cells (Fig. 4A), suggesting
that 7,8-DHF suppresses high glucose-induced ROS genera-
tion. Confocal microscopy revealed that glucose treatment
increased the intracellular ROS level, which was suppressed
by 5 ug/ml 7,8-DHF (Fig. 4B). These data suggested that 7,8-
DHF scavenges intracellular ROS.

High glucose induces apoptosis via the mitochondria-
dependent pathway

To evaluate whether high glucose acts by inducing apop-
tosis and the cytoprotective effects of 7,8-DHF are related to
inhibiting this process, SH-SY5Y cell nuclei were stained with
Hoechst 33342 and analyzed by microscopy. As shown in Fig.
5A, control cells had intact nuclei, where high glucose-treated
cells showed significant nuclear fragmentation, which is indic-
ative of apoptosis. However, pretreatment of glucose-treated
cells with 5 ug/ml 7,8-DHF suppressed nuclear fragmentation.
Aym was examined to assess mitochondrial involvement in
the protective effect of 7,8-DHF against high glucose-induced
apoptosis. Mitochondria are instrumental in oxidative phos-
phorylation, cell death regulation, and ROS production (Or-
renius et al., 2007). As shown in Fig. 5B, control cells and
7,8-DHF-treated cells exhibited strong red fluorescence (JC-1
in aggregated form) in the mitochondria, indicating mitochon-
drial polarization. However, high glucose treatment resulted in
reduced red fluorescence and increased green fluorescence
(JC-1 in monomer form) in mitochondria, indicating mitochon-
drial depolarization. Flow cytometry data confirmed that Ayn
loss was increased in glucose-treated cells, as indicated by
an increase in JC-1 fluorescence as compared to non-treated
cells, whereas 7,8-DHF inhibited this glucose-induced loss of
Ayn (Fig. 5C).

To better understand the protective mechanism of 7,8-DHF
against glucose-induced apoptosis, the expression of proteins
involved in mitochondria-related apoptosis was investigated.
First, we examined the expression of Bcl-2, an anti-apoptotic
protein, and Bax, a pro-apoptotic protein. As shown in Fig. 5D,
7,8-DHF treatment induced an increase in Bcl-2 expression
and a decrease in Bax expression in glucose-treated cells.
Next, caspase-9 and caspase-3 expression was examined by
western blotting as these enzymes are activated by mitochon-
drial membrane disruption (Perkins et al., 2000). As shown in
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Fig. 5. Effect of 7,8-DHF on glucose-induced apoptosis. (A) Apoptotic body formation was observed by fluorescence microscopy after
Hoechst 33342 staining. Apoptotic bodies are indicated with white arrows. Apoptotic body formation was quantified on the basis of micros-
copy images. *p<0.05 vs. control group, **p<0.05 vs. glucose group. The mitochondrial membrane potential was analyzed by (B) confocal
microscopy and (C) flow cytometry after JC-1 staining. *p<0.05 vs. control group, **p<0.05 vs. glucose group. Cell lysates were electropho-
resed and (D) Bax, Bcl-2, (E) cleaved (active) caspase 9, caspase 3 as well as actin were detected by western blotting using specific anti-

Sk

bodies. *#p<0.05 vs. control group, p<0.05 vs. glucose group.

Fig. 5E, 7,8-DHF treatment inhibited glucose-induced active
form of caspase-9 (37 and 35 kDa) and caspase-3 (19 and 17
kDa), a target of caspase-9.

DISCUSSION

Oxidative stress plays a pivotal role in cellular injury in-
duced by hyperglycemia. A high glucose level can stimulate
free radical production. A weak defense system is unable to
counteract the enhanced ROS generation and, as a result, an
imbalance occurs, which leads to oxidative stress (Parsaeyan

and Zavarreza, 2016). In the present study, we demonstrated
that 7,8-DHF dramatically inhibited high glucose-induced cell
death, apoptosis, and mitochondrial dysfunction. The protec-
tive effect of 7,8-DHF might be attributed to its powerful anti-
oxidant action, as evidenced by a marked reduction in intra-
cellular ROS.

SH-SY5Y, a neuronal cell line, is commonly used to study
diabetic neuropathy (Fernandes et al., 2018). These cells,
when treated with high glucose, show effects similar to those
observed in dorsal root ganglia neurons and Schwann cells
(Vincent et al., 2002). In addition, SH-SY5Y cells have been
successfully used to demonstrate changes in signal transduc-

89 www.biomolther.org



Biomol Ther27(1), 85-91 (2019)

tion (Hattangady and Rajadhyaksha, 2009). Pathways that
lead to abnormal nitric oxide production and changes in Na*/
K* pump activity have also been studied in this cell line (Su-
hail, 2010). Neuroblastoma cells have been extensively used
to screen the efficacy of uncouplers (Vincent et al., 2002) and
insulin-like growth factor-1 (Leinninger et al., 2004) as neu-
ro-protectants, and to investigate their mechanism of action.
Therefore, high glucose-treated SH-SY5Y cells provide a suit-
able cell model to investigate antioxidant activity of 7,8-DHF.
Hyperglycemia causes tissue damage through multiple
mechanisms, including increased flux of glucose and other
sugars through the polyol pathway, increased intracellular for-
mation of advanced glycation end products (AGEs), increased
expression of the receptor for AGEs and its activating ligands,
activation of protein kinase C isoforms, and upregulation of
the hexosamine pathway (Brownlee, 2005). Excess glucose
can be converted to sorbitol by aldose reductase (Berrone
et al., 2006). This first step in the polyol pathway is linked to
the oxidation of NADPH to NADP*. This leads to depletion of
NADPH, which is needed for regenerating glutathione. Thus,
early after the induction of diabetes, metabolic defects lead
to loss of NADPH, which limits the ROS scavenging ability of
nerve cells, creating a vicious cycle of oxidative stress. Sor-
bitol accumulation can also result in cellular osmotic stress
that may alter the antioxidant potential of the cell and increase
ROS production (Obrosova et al., 2003). Aldose reductase in-
hibitors that penetrate the nerve, decrease nerve sorbitol lev-
els. One clinical trial provided evidence of enhanced axonal
regeneration (Barski et al., 2008). In this study, high glucose
treatment increased the level of intracellular ROS in SH-SY5Y
cells compared to control cells. However, treatment with 7,8-
DHF at 5 ng/ml attenuated the glucose-induced ROS increase.
Recent evidence suggests that oxidative stress is respon-
sible for the development and progression of neuropathy (Ste-
vens et al., 2000). Blocking oxidative stress in diabetic animals
prevents the development of neuropathy and restores sciatic
and saphenous nerve conduction velocities in streptozotocin-
induced diabetic rats (Vincent et al., 2002; Obrosova, 2009).
Our data indicate that increased concentrations of glucose
rapidly induced ROS production, which was attenuated by
7,8-DHF. In turn, 7,8-DHF reduced high glucose-induced mito-
chondrial membrane depolarization and blocked the induction
of caspase cleavage. This most likely resulted from the ability
of 7,8-DHF to reduce ROS generation and to stabilize Ayp.
Both in vivo and in vitro, mitochondrial swelling is observed in
dorsal root ganglion neurons and Schwann cells exposed to
high glucose and, ultimately, Ay is decreased, an event that,
in other paradigms, initiates programmed cell death (Winseck
and Oppenheim, 2006; Gumy et al., 2008; Martin, 2010). It
has been shown that release of cytochrome c into the cytosol
is associated with the formation of a cytochrome c/caspase
9/Apaf-1 complex (the apoptosome) and cleavage of down-
stream effector caspases, such as caspase 3 and caspase
7 (Cheng and Zochodne, 2003). In human and rat neurons,
hyperglycemia induces mitochondrial dysfunction and apop-
tosis, and similar changes are observed in Schwann cells,
another important cell type in the peripheral nervous system
(Cao et al., 2012; Peng et al., 2016). Increases in caspase 9
cleavage and caspase 3 cleavage have been observed in cul-
tured Schwann cells derived from 12-month diabetic rats and
exposed to high glucose. Similar to the changes observed in
rat neurons, human Schwann cells show evidence of both mi-
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Fig. 6. Schematic overview of the effect of 7,8-DHF on high glu-
cose-induced apoptosis. 7,8-DHF inhibits apoptosis and mitochon-
drial dysfunction induced by high glucose through its antioxidant
action, including free radical scavenging.

tochondrial swelling and apoptosis when cultured in the pres-
ence of high glucose (Cheng and Zochodne, 2003; Cao et al.,
2012; Peng et al., 2016). In our present study, high glucose
treatment increased mitochondrial depolarization caused by
loss of mitochondrial membrane potential in SH-SY5Y cell,
whereas 7,8-DHF inhibited this glucose-induced loss of Aym
(Fig. 5B, 5C). In addition, high glucose induced mitochondria-
related apoptosis through induction of Bax expression and re-
duction of Bcl-2 expression in SH-SY5Y cells (Fig. 5D).

In summary, 7,8-DHF effectively protected SH-SY5Y cells
against high glucose-induced apoptosis through its antioxi-
dant action. By ROS scavenging, 7,8-DHF markedly inhibited
high glucose-induced oxidative injury, preventing mitochon-
drial dysfunction and apoptosis (Fig. 6). Our study suggests
that 7,8-DHF is a promising agent for the treatment of diabetic
neuropathy.
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