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Myricetin Protects Against Cytokine-Induced Cell Death in RIN-mSf  Cells
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ABSTRACT Cytokine-induced cell death is recognized as a major cause of progressive fi-cell loss. Tumor necrosis factor o
(TNF-a), interleukin 1 (IL-1p), and interferon y (IFN-y) in combination trigger a series of events that lead to f-cell death. In
the past few decades, the use of myricetin as an anti-inflammatory and cytoprotective agent has gained much attention. The
present study focused on the protective roles of myricetin against cytokine-induced cell death in insulin-secreting RIN-m5f 8
cells. The results showed that myricetin (especially at concentrations of 10 uM and 20 uM) increased cell viability and
decreased cell apoptosis induced by the cytokine mixture of TNF-o (10 ng/mL), IL-1f (5 ng/mL), and IFN-y (1000 IU/mL) for
3 days. Moreover, the cytokines increased the total and p65 subunit levels of nuclear factor kB, decreased inhibitor kB o
levels, stimulated the accumulation of nitric oxide, increased cytochrome c release from mitochondria, and induced reactive
oxygen species generation; myricetin (especially at the concentration of 20 uM) abolished all of these parameters. These
results suggest that myricetin might have therapeutic value for preventing f-cell death.
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INTRODUCTION

HE FAILURE OF INSULIN-SECRETING f3 cells is a common
feature of diabetes leading to relative or absolute insulin
deficiency. The inflammatory mediators have been impli-
cated as having a crucial role in prolonged suppression of -
cell function, -cell apoptosis, and progressive f-cell loss.!
Currently, the mechanisms of f-cell death induced by
cytokines are still being unraveled. Evidence is growing that
tumor necrosis factor o (TNF-«), interleukin (IL)-1f, and
interferon y (IFN-y) are candidate cytokines that participate
in promoting f-cell death with some combined effects.”™
Several studies during the last decade indicated that
cytokine-mediated f-cell death was related to the activa-
tion of nuclear factor kB (NF-xB), which induced a pro-
apoptotic expression pattern.> Among the genes whose
expression is regulated by NF-xB following exposure to
cytokines, the role of inducible nitric oxide (NO) synthase
(INOS) and the subsequent generation of an excess of NO
in cytokine-mediated f-cell death have been clearly estab-
lished.® Alternatively, the mitochondrial death pathway
represents a new focus on the failure of f cells induced
by apoptotic stimuli (e.g., cytokines). It is important
that reactive oxygen species (ROS), especially mitochon-
drial ROS, also play a role in the initiation of apoptotic
signaling.’
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However, it remains unclear how to safely and effec-
tively prevent or reverse f5-cell death induced by cytokines.
Clinically, a novel treatment with fewer side effects is
desirable for the control of f-cell death. Myricetin
(3,5,7,3',4',5'-hexahydroxyflavone cannabiscetin) is a nat-
urally occurring flavonoid that occurs in fruits, vegetables,
tea, berries, red wine, and medical plants.® There has been
an increasing attention to its widespread health benefits,
such as antioxidative effects (free radical scavengers and
potent metal chelators), antiviral and antimicrobial prop-
erties, and anticarcinogenic actions.””!! Moreover, in vitro
and animal studies showed that myricetin exerted hypo-
glycemic effects by ameliorating glycogen metabolism and
increasing insulin sensitivity.'*”'* In the United States,
researchers used a composition, including myricetin, as an
application for treating diabetes and metabolic disor-
ders.'>!® In addition, myricetin was shown to possess anti-
inflammatory activity. In vitro studies demonstrated that
myricetin not only inhibited the production of cytokines
(e.g., IL-1B and IL-6),'7'® but also affected signal path-
ways induced by cytokines to inhibit apoptosis and cell
death.'” However, little information is available describing
its effect on f-cell death induced by the synergistic action
of TNF-«, IL-1f, and IFN-y. The protective role of myr-
icetin in f§ cells and the relevant mechanisms need further
elucidation.

In the present study, we used the insulin-secreting f-cell
line RIN-m5f to investigate the cytoprotective effects of
myricetin in vitro. To test cell viability, the methyl thiazolyl
tetrazolium (MTT) assay and nuclear staining with 4,6-
diamino-2-phenyl indole (DAPI) were performed. To learn
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the mechanisms by which myricetin protected [ cells
against cytokine-induced cell death, the expression of NF-
kB p65 and inhibitor kB (I-kB) o and the NO levels were
determined. Furthermore, the mitochondrial death pathway,
especially release of cytochrome ¢ from mitochondria, and
the ROS production were studied.

MATERIALS AND METHODS

Materials

The insulin-secreting f-cell line RIN-m5f was generously
provided by Dr. Chunyan Zhou (Department of Biochem-
istry and Molecular Biology, School of Basic Medical Sci-
ence, Peking University). Myricetin (catalog number 70050)
(295.0% pure myricetin by high-performance liquid chro-
matography), MTT, and DAPI (=98.0%, cell cultured
tested) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). High-glucose Dulbecco’s modified Eagle’s medium,
fetal bovine serum, and trypsin were from GIBCO™
(Auckland, New Zealand). TNF-a, IL-1p, and IFN-y were
purchased from Peprotech (Rocky Hill, NJ, USA). Nuclear
and cytoplasmic extraction reagents, BCA protein assay kit,
phenylmethylsulfonyl fluoride, leupeptin, aprotinin, and
pepstatin were from Pierce (Rockford, IL, USA). The fluo-
rescent probes 2',7'-dichlorodihydrofluorescein diacetate
(DCFH-DA), NO assay kit, and Super ECL Plus detection
reagent were purchased from Applygen Technologies Inc.
(Beijing, China). The antibodies to I-xkBa, NF-kB p65, cy-
tochrome ¢, glyceraldehyde 3-phosphate dehydrogenase,
lamin B, and immunoglobulin G horseradish peroxidase—
linked secondary antibodies were from Santa Cruz Bio-
technology (Santa Cruz, CA, USA).

Cell culture

The insulin-secreting RIN-m5f f cells were grown in
high-glucose Dulbecco’s modified Eagle’s medium con-
taining 10% fetal bovine serum at 37°C and a 5% CO»
atmosphere in 96-, 24-, or 6-well or 100-mm-diameter
plates. Because of the long incubation time, cells were
preincubated in serum-free medium for 4-6 h prior to each
experiment once grown to 50% confluence. To induce f-cell
death, cells were challenged for 3 days with the same dosages
of cytokines (10 ng/mL TNF-o, 5 ng/mL IL-1§, and 1000 IU/
mL IFN-y [herein referred to as TII]) used in the recent study
from this laboratory.? In this set of experiments, cells were
pretreated with different doses of myricetin for 3 h prior to TII
stimulation and continuously treated with TII and different
doses of myricetin. All of the determinations were performed
3 days later. Medium with TII and/or myricetin was replaced
with fresh medium every day.

Cell viability assay

The MTT assay was performed to determine the nontoxic
dose of myricetin and to monitor the cell viability. Cells
were cultured in 96-well plates at a density of 2x 103/mL.
After the designated treatment, 100 uL of MTT solution
(1 mg/mL) was added. After 4h, blue formazan crystals

were resolved with 100 uL of dimethyl sulfoxide. Absor-
bance was measured at 595 nm. Cell viability (percentage of
control) was calculated relative to the untreated control.

DAPI staining

Chromatin condensation and fragmentation are typical
markers of apoptosis. Morphologic evidence of apoptosis
was estimated by nuclear staining with DAPI. After treat-
ment, RIN-m5f f cells, seeded on coverslips in 24-well
plates, were fixed with 4% paraformaldehyde for 30 min at
room temperature, washed with phosphate-buffered solution
three times, and stained with DAPI (0.1 ug/mL) for 5 min in
the dark. Then cells were observed under a fluorescence
microscope (Olympus, Tokyo, Japan). DAPI-stained cells
with intensely fluorescing and/or with condensed nuclei
were considered apoptotic.

Protein extract

For whole-cell extracts, RIN-m5f f cells were rinsed
twice with ice-cold phosphate-buffered saline and lysed in
lysis buffer containing 20mM Tris-HCI, 150 mM NaCl,
I mM Na,EDTA, 1 mM EGTA, 1 mM NazVOy, 11 mM f-
mercaptoethanol, 0.1% Triton X-100, 2.5mM Na,P,0,
250 mM phenylmethylsulfonyl fluoride, 1 pg/mL leupeptin,
1 pg/mL aprotinin, and 1 ug/mL pepstatin for 30 min on ice.
Lysates were centrifuged at 12,000 g for 5 min at 4°C, and
the supernatants were collected.

For differential nuclear and cytoplasmic extraction, a
protocol following the instructions for nuclear and cyto-
plasmic extraction reagents (Pierce) was used. Cells were
washed with ice-cold phosphate-buffered saline and
centrifuged at 500 g for 5min. The pellets were vortex-
mixed with ice-cold CER I and incubated on ice for 10 min.
Then cells were vortex-mixed with ice-cold CER II and
incubated on ice for 1 min. After that, cells were centrifuged
at 16,000 g for Smin, and the supernatants (cytoplasmic
extract) were immediately collected. The insoluble fraction,
which contains nuclei, was resuspended with ice-cold NER.
After being placed on ice and vortex-mixed for 15s every
10min (for a total of 40min), cells were centrifuged at
16,000 g for 10 min, and the supernatants (nuclear extract)
were immediately collected.

To observe the release of cytochrome ¢ from mitochon-
dria, mitochondria was collected. In brief, RIN-m5f f cells
were harvested and suspended with 5 volumes of the solu-
tion (20mM HEPES-KOH, 1.5mM MgCl,, 10mM KClI,
I mM EDTA, 1mM EGTA, 1 mM dithiothreitol, 250 mM
sucrose, and 0.1 mM phenylmethylsulfonyl fluoride). Cells
were homogenized and centrifuged at 750 g for 10 min at
4°C. Supernatants were then centrifuged at 10,000 g for
15min, and the pellets contained cellular mitochondria.
Pellets were then lysed in lysis buffer (10 mM Tris-HCI,
150 mM NaCl, 1 mM Na,EDTA, 1mM EGTA, 1 ug/mL
leupeptin, 1 ug/mL aprotinin, 1 ug/mL pepstatin, 250 mM
phenylmethylsulfonyl fluoride, 2mM NazVO,, and 1%
sodium dodecyl sulfate). The lysed solution was used for
the identification of mitochondrial cytochrome c¢. The
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supernatants were centrifuged at 100,000 g for 15 min, and
the supernatants obtained were used for identification of
cytosolic cytochrome c.

Protein content was then determined using a BCA protein
assay kit (Pierce), and proteins were frozen at —80°C until
further analysis.

Western blot analysis

An aliquot of 40 ug of protein from each sample was used
for electrophoresis through either 10% or 12% sodium dodecyl
sulfate—polyacrylamide gels and transferred to 0.45-um (pore
size) polyvinylidene fluoride membranes (Millipore, Bedford,
MA, USA). The membranes were blocked for 1h with 5%
nonfat dried milk in Tris-buffered saline at ambient tempera-
ture. After washing in Tris-buffered saline containing 0.05%
Tween 20, the membranes were incubated with primary anti-
bodies in blocking buffer overnight at 4°C. For detection, the
membranes were incubated with horseradish peroxidase—
conjugated anti-rabbit immunoglobulin G or anti-mouse im-
munoglobulin G secondary antibodies for 1 h at 37°C, and the
blots were visualized autoradiographically with ECL reagent.
Relative protein quantification was done with Quantity One®
software (Bio-Rad Laboratories, Hercules, CA, USA).

NO determination

The level of NO was determined by assaying the con-
centration of nitrite in the whole cell extracts and cell culture
medium. Fifty microliters of whole-cell extracts or cell
culture medium was incubated with 100 uL. of Griess reagent
(Applygen Technologies Inc.) for 10 min at room temperature
in the dark. Sodium nitrite was used to generate a standard
curve. The optical density value of the samples at 540 nm was
measured. Results were indicated as the NO to protein ratio,
expressed as micromoles of NO per gram of protein.

Measurement of intracellular ROS

To analyze the intracellular generation of ROS, cells were
detached by trypsinization. The cellular fluorescence in-
tensity was measured after a 30-min incubation with the
oxidation-sensitive probe DCFH-DA (10 umol/L), by using
a FACScan™ flow cytometer (BD Biosciences, San Jose,
CA, USA). For each analysis, 10,000 events were recorded.

Statistical analysis

The data are given as mean + SE values of three or more
independent experiments. Comparisons between multiple
groups were made by one-way analysis of variance followed
by the least significant difference test. P<.05 was consid-
ered statistically significant.

RESULTS

Mpyricetin increased cell viability down-regulated
by cytokines

In the initial experiments, the nontoxic dose of myricetin
was examined by the MTT assay. Myricetin did not influ-

ence the viability of RIN-m5f /5 cells in the dose range from
5 to 20 uM (data not shown). The effect of TII on cell via-
bility and the cytoprotective properties of myricetin were
then determined. As indicated in Figure 1, in contrast with
the control group, exposure to the cytokine mixture for 3
days significantly decreased viability of RIN-m5f f cells
(P<.05). However, myricetin pretreatment at concentra-
tions (5, 10, and 20 uM) rescued cells viability to 65.89%,
74.24%, and 84.27% of the control level, respectively.
These results suggest that myricetin pretreatment may par-
tially preserve cell viability in TII-treated RIN-m5f f§ cells
in a concentration-dependent manner but will not restore
viability back to control levels.

Mpyricetin decreased cell apoptosis induced by cytokines

RIN-m5f f cells undergoing apoptosis were shown in
Figure 2. Healthy cells stained with DAPI exhibited ho-
mogeneous and diffused staining with regular contours.
Treatment with TII for 3 days resulted in increased apo-
ptosis (P <.05) characterized by intense fluorescence in the
nucleus and even apoptotic bodies. Although 5 uM myr-
icetin had no notable effect on cell apoptosis, 10 uM and
20 uM myricetin significantly decreased cell apoptosis (both
P <.05), and the morphology of cell nuclei tended to be
normal after co-treatment with 20 uM myricetin.

Mpyricetin inhibited NF-kB activation stimulated
by cytokines

Figure 3B and 3C showed that, in response to TII, NF-«xB
p65 subunit, comprising a powerful transcriptional activa-
tion domain, was significantly increased (P <.05). I-xBe,
one of three major I-xkB isoforms preventing the transloca-
tion of NF-xB to the nucleus, was decreased (P<.05).
However, the pretreatment with myricetin for 3 h prior to TII

Absorbance
=1
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FIG. 1. Comparison of methyl thiazolyl tetrazolium assay in RIN-
m5f f3 cells. Data are mean+ SE values expressed as the absorbance
(at 595nm) from six experiments. P <.05, statistically significant
difference from *control group or *10 ng/mL tumor necrosis factor-o,
Sng/mL interleukin-14, and 1000IU/mL interferon-y (TII)-alone

group.



736 DING ET AL.

TIl+myricetin (5 pM)

control TII

TI+myricetin (10 pM)

TIl+myricetin (20 uM)

60 r

50 F

Apoptosis %
=

5 10 20
myricetin (pM)

FIG. 2. 4,6-Diamino-2-phenyl indole staining of RIN-m5f f cell
nucleus. (A) The large arrows showed the late phage of apoptosis
with apoptotic bodies, and the small arrows showed the early phase of
apoptosis with intense fluorescence in the nucleus. Original magni-
fication, x400. (B) Apoptotic and total cells were counted in three
random fields of three different slides. Data are mean=SE values.
The number of apoptotic cells was expressed as a percentage to total
cells. P<.05, statistically significant difference from *control group
or *TTl-alone group.

stimulation clearly down-regulated the NF-xB p65 level,
and myricetin (especially at the concentration of 20 uM)
treatment clearly caused an increase in I-xBo levels
(P <.05). Furthermore, the nuclear translocation of NF-xB
p65 was also observed (Fig. 3D and E). The results showed
that, in contrast to the control group, TII enhanced the level
of NF-kB p65 in cell nucleus, whereas myricetin (20 uM)
treatment obviously reduced NF-«xB p65 nuclear transloca-
tion. In addition, the level of NF-kB p65 in cytoplasm was
slightly increased in the presence of TII, but no obvious
change was seen after myricetin treatment. Collectively,
these results indicate that myricetin’s protective effect on
TII-treated RIN-m5f f5 cells may be at least in part due to its
effect on NF-xB activation.

Myricetin reduced the accumulation of NO
in cytokine-treated RIN-m5f [} cells

NO has been considered an effector molecule leading to
p-cell death in autoimmune diabetes. As can be seen in
Figure 4, NO generation was significantly increased in both

cell culture medium and RIN-m5f f cells incubated with TII
compared with the control group (both P <.05). However,
the stimulated NO production in cell culture medium was
suppressed by the addition of myricetin in a dose-dependent
way (Fig. 4A). Moreover, in contrast to the TII-stimulated
group, the level of NO in cell extracts was decreased by
26.18%, 47.39%, and 57.65% with 5 uM, 10 uM, and 20 uM
myricetin treatment (Fig. 4B).

Mpyricetin inhibited cytochrome c release from
mitochondria in cytokine-treated RIN-m5f [ cells

Mitochondrial dysfunction has also been proposed as a
common feature of defective f-cell function and survival.
As expected, the treatment of cells with TII clearly in-
creased cytochrome c release from mitochondria into the
cytosol. However, the myricetin treatment markedly de-
creased the release of cytochrome ¢ from mitochondria in a
dose-dependent manner (Fig. 5). Myricetin therefore might
produce its cytoprotective effect by suppressing the mito-
chondrial death pathway.

Myricetin decreased ROS levels induced by cytokines

Understanding that ROS are important factors in the
pathogenesis of diabetes raises a concern regarding the
generation of ROS in cytokine-treated RIN-m5f f§ cells. The
intracellular ROS were analyzed by using the oxidation-
sensitive probe DCFH-DA (Fig. 6). Flow cytometric anal-
ysis of RIN-m5f f§ cells exposed to TII revealed a dramatic
increase in ROS generation (64.84%). In marked contrast,
the level of ROS was reduced to 49.25%, 40.90%, and
33.14% with 5 uM, 10 uM, and 20 uM myricetin treatment
(all P<.05), suggesting that myricetin’s cytoprotective ef-
fect is partly attributable to its regulation of ROS.

DISCUSSION

The determination of f-cell death in vivo has proven
difficult because of the slow kinetics of inflammatory pro-
cess and the rapid clearance of dead cells. So it might be
corroborated by in vitro studies. In the present study, the in
vitro model of cytokine-induced pancreatic f-cell death was
established. In the study of Delaney et al.,” prolonged (6-9
days) exposure of human pancreatic islets to a combination
of cytokines (TNF-z [1000U/mL]+IL-1f [50U/mL]+
IFN-y [1000 U/mL]) induced DNA strand breaks and cell
death by apoptosis. In the recent study from this laboratory,
exposure to combination of cytokines (TNF-a« [10ng/
mL]+IL-1f [5ng/mL]+IEN-y [1000 U/mL]) for 24h de-
creased viability and cell function in RIN-m5f f cells.?° In
this study, we observed that a 3-day exposure of the same
dosages of cytokines severely impaired RIN-m5f f§ cells and
induced cell apoptosis. The cytotoxic effects of cytokines on
p cells might depend on their concentrations, duration of
exposure, and cell types.

In the past few decades, the use of myricetin as a cyto-
protective agent has gained much attention. In vitro studies
indicated that preincubation with various concentrations (0—
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FIG. 3. Myricetin modulated nuclear factor kB (NF-xB) activity in TII-treated RIN-m5f f cells. (A) An aliquot of protein from whole-cell
extracts was subjected to western blot analysis using inhibitor kB (I-xB) « and NF-xB p65 antibodies. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) protein levels were used as a control. Relative protein quantification was done with Quantity One software. (B, C) A ratio between
specific protein and GAPDH was calculated as mean + SE of three experiments. P <.05, statistically significant difference from *control group or
#TII-alone group. (D, E) Nuclear and cytoplasmic proteins were assayed for NF-kB p65 proteins by western blot analysis. GAPDH and Lamin B
are cytoplasmic and nuclear markers, respectively. Three independent experiments were done, and all gave similar results.

200 uM) of myricetin before H,O» exposure significantly
protected Caco-2 and HepG2 cells against H,O»-induced
cell damage.”’ Moreover, myricetin (5 and 30 uM) de-
creased the apoptotic rate of cardiomyocytes.?> However, it
was also proposed that myricetin (25-200 uM) induced ap-
optotic cell death in pancreatic cancer cells without influ-
encing the viability of normal ductal cells.>*** The effect of
myricetin on cell death appears to be cell type-dependent
and dosage-dependent. In this study, we present, for the first
time, a mode of action for myricetin protection against TII-
induced cytotoxicity in RIN-m5f f cells.

It is well known that NF-xB plays an important role in
cytokine-induced ff-cell destruction. In resting cells, NF-«B,
combined with I-xB isoforms (e.g., [-kBa), is present in the
cytosol as an inactive form. Signals from cytokines might
induce the activation of proteolytic degradation of I-xB and/
or the phosphorylation of I-xkB, thereby allowing released
NF-kB to enter the nucleus, where it binds to DNA and

regulates gene transcription. Both in vitro and in vivo studies
demonstrated that inhibition of NF-xB translocation or ac-
tivation could prevent f-cell dysfunction and death induced
by cytokines (e.g., TNF-o, IL-1p, and IFN-}).2>2° In this
study, we observed that the combined actions of cytokines
increased the total and nuclear levels of NF-xB p65 and
decreased the level of I-xBa. It was interesting that myr-
icetin inhibited NF-xB nucleus translocation and increased
the level of I-kBa, which may be one of its mechanisms of
cytoprotective action. However, it is unclear here whether
production of I-xBo protein is increased or degradation of
the protein is inhibited after myricetin treatment. Additional
studies will be needed to address this issue.

As mentioned above, iNOS and NO are implicated in f3-
cell death. Previous studies established that TNF-o and IL-
18 mediated activation of the NF-xB pathway to stimulate
the expression of iNOS.?” Moreover, IL-1p, alone or in
synergy with IFN-y, was proposed to induce NF-xB p65
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FIG. 4. Myricetin decreased the accumulation of nitric oxide (NO)
in TI-treated RIN-m5f f§ cells. Accumulation of NO in (A) cell
culture medium and (B) cells was determined. Results were re-
presented as NO to protein ratio expressed as micromoles of NO per
gram of protein of six separate experiments. P <.05, statistically
significant difference from *control group or #TII-alone group.

translocation into the cell nucleus and increase the expres-
sion of iNOS mRNA and NO production.?® In the present
study, we found that TII increased NO generation. On
the other hand, an in vivo study indicated that myricetin
could attenuate the lipopolysaccharide-induced outburst
of iNOS gene expression and decrease NO production in
intact rat liver.?® Our results also provided evidence that
myricetin could reduce cytokine-induced NO formation.
Thus, we conclude that myricetin might reduce NO pro-
duction through the inhibition of NF-xB-dependent
iNOS expression in this study. Such mechanisms against
cytokine-induced cytotoxicity in f§ cells have also been
shown with other flavonoids, such as curcumin, resveratrol,
and sulfuretin.?*-32

A growing body of evidence has demonstrated that in-
tracellular signal responses controlled by mitochondria
plays a central role in another relevant cell death pathway.
As an electron carrier in the mitochondrial respiratory chain,
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FIG. 5. Myricetin inhibited cytochrome c release from mitochon-
dria in TII-treated RIN-m5f /3 cells. Mitochondrial and cytoplasmic
proteins were assayed for cytochrome c¢ proteins by western blot
analysis. GAPDH protein levels were used as a control. The result is
one representative example of three separate experiments.

cytochrome ¢ is thought to mediate mitochondrial death
pathway. We found that cytokines promoted the release of
cytochrome ¢ from mitochondria, which was coincident
with f-cell apoptosis. As our results showed, Grunnet et
al.®® reported that exposure to a cytokine cocktail (IL-1p,
IFN-7, and/or TNF-«) increased cytochrome c release from
mitochondria in human and rat islets and INS-1 f cells.
Moreover, we also observed that myricetin blocked mito-
chondria from releasing cytochrome c in the presence of TII.
Taken together, these results suggest that, apart from the
inhibition of NF-xB activation, myricetin might prevent
TI-induced cytotoxicity in RIN-m5f f cells through a

ROS (%)

FIG. 6. Myricetin suppressed reactive oxygen species (ROS) levels
in TI-treated RIN-m5f f cells. The cellular fluorescence intensity
was measured after a 30-min incubation with an oxidation-sensitive
dye (2',7'-dichlorodihydrofluorescein diacetate) and analyzed with a
FACScan flow cytometer to determine the percentage of cells dis-
playing an increase in ROS levels. Data are mean* SE values from
six experiments. P <.05, statistically significant difference from
*control group or *TII-alone group.
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suppression of the mitochondrial death pathway. However,
the modification of certain genes in the overlapping NF-«xB
controlled gene network and also induced mitochondrial
death pathway with apoptotic features, such as cytochrome ¢
release from mitochondria and mitochondrial permeability
transition.” Therefore, it is still possible that myricetin does
not directly affect the mitochondrial death pathway; it might
act by preventing the damaging effects of NF-xB on mito-
chondrial function. It remains to be determined which
mechanisms are accountable for the present observations.

Additionally, the release of cytochrome ¢ from the mi-
tochondrial respiratory chain can also lead to the accumu-
lation of ROS in cells. Recently, the generation of ROS was
observed in MIN6NS f cells stimulated by TNF-o and IFN-
7.3* Myricetin, with a large number of active hydroxyl
groups, can effectively remove a variety of ROS and has
an effective antioxidative activity. Investigators reported
that myricetin significantly decreased chemical-induced
increases in oxidative stress parameters of cells (e.g.,
erythrocytes from type 2 diabetic patients, osteoblastic
MC3T3-El cells, and MES23.5 cells).*~37 Our results were
in agreement with these reports. The synergetic effect of TII
induced the production of ROS; however, the increase was
reversible by myricetin treatment. Thus, removing the ac-
cumulation of ROS may be the underlying mechanism for
its protective effect. It is notable that f§ cells are considered
especially susceptible to attacks by ROS because of the very
low expression of antioxidant enzymes. It was reported that
myricetin caused an increase in antioxidant enzymes like
glutathione, catalase, and glutathione peroxidase.**°
Therefore, it is still possible that antioxidant effect of
myricetin in the present study might be exerted through
mechanism of activation of endogenous antioxidant de-
fenses, such as glutathione production.

Collectively, the findings presented here suggest that the
effect of myricetin on TII-induced cytotoxicity in the RIN-
m5f f§ cell line may be mediated via inhibition of signaling
by NF-xB and mitochondrial death pathways, in addition to
its antioxidative activity (Fig. 7). It is important that using
another cell line or primary pancreatic islet cells will gen-

FIG. 7. Schematic diagram for myricetin-stimu-
lated signal pathways in TI-treated RIN-m5f f
cells. Arrows and dashed lines indicate activation
and repression of the following targets, respectively.
IFN-y, interferon-y; IFNR, interferon-y receptor; IL-
1p, interleukin-1f; IL-1R, interleukin-1f receptor;
iNOS, inducible NO synthase; TNF-o, tumor ne-
crosis factor-o; TNFR, tumor necrosis factor-o re-
ceptor.

eralize the effect of myricetin as a protective agent against
cytokine-mediated cell death. Furthermore, the in vitro ex-
periments does not consider the bioavailability and Phase II
metabolism, and the effect of myricetin is less clear in vivo.
Thus, further in vivo research into the effect of myricetin on
pancreatic f-cell death induced by cytokines will contribute
to our understanding of the identification of new molecular
targets and therapeutic agents for protection against f-cell
damage diseases like diabetes.
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