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Gastrodin inhibits high glucose‑induced inflammation,
oxidative stress and apoptosis in podocytes by
activating the AMPK/Nrf2 signaling pathway
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Abstract. Diabetic nephropathy (DN) is a serious and common
complication of type 1 and 2 diabetes. Gastrodin has been
reported to suppress high glucose (HG)‑induced inflammation
and oxidative stress in vivo and in vitro. However, the effect
of gastrodin on DN has not been fully elucidated. The present
study aimed to investigate the underlying mechanism involved
in the effect of gastrodin on podocyte injury caused by DN.
Cell viability was evaluated using Cell Counting Kit‑8 assay
and secretion levels of TNF‑α, IL‑1β and IL‑6 were measured
using ELISA. The levels of malondialdehyde, activities of
lactate dehydrogenase and superoxide dismutase were quanti‑
fied using corresponding assay kits. Additionally, cell apoptosis
was analyzed by TUNEL assay, whilst protein expressions
related to inflammation, apoptosis and the 5'‑AMP‑activated
protein kinase (AMPK)/nuclear factor erythroid 2‑related
factor 2 (Nrf2) signaling pathway were measured by western
blot analysis. The results showed that gastrodin increased the
viability of MPC5 cells following HG stimulation. Gastrodin
also alleviated HG‑induced inflammation, oxidative stress and
apoptosis in MPC5 cells. Furthermore, gastrodin promoted
activation of the AMPK/Nrf2 pathway in MPC5 cells.
Treatment with the AMPK inhibitor, compound C, reversed
the inhibitory effects of gastrodin on inflammation, oxidative
stress and cell apoptosis. To conclude, treatment of MPC5 cells
with gastrodin can attenuate HG‑induced inflammation, oxida‑
tive stress and cell apoptosis by activating the AMPK/Nrf2
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signaling pathway. Results from the current study suggest that
gastrodin can be used as an effective therapeutic agent against
HG‑induced podocyte injury in DN.
Introduction
Diabetic nephropathy (DN) is a serious and common compli‑
cation of type 1 and 2 diabetes (1‑3). DN can eventually lead
to end‑stage renal disease in ≤40% patients with diabetes (1‑3).
It has been previously reported that DN can be considered as
the strongest predictor of mortality (4,5). Advanced DN is
characterized by glomerular sclerosis, tubulointerstitial degen‑
eration and fibrosis, which may result in a precipitous decline
in the glomerular filtration rate, resulting in proteinuria (6‑8).
Previous studies have shown that podocyte damage can trigger
a number of pathological changes, including glomerular scle‑
rosis and renal failure (9,10). Furthermore, it has been reported
that podocyte damage is closely associated with the patho‑
genesis of several kidney‑related diseases, including focal
segmental glomerulosclerosis, minimal change nephropathy
and DN (11,12). Therefore, preventing podocyte injury should
be considered to be an effective strategy for treating DN.
It has been well established that the excessive production
of inflammatory cytokines, reactive oxygen species (ROS) and
lactate dehydrogenase (LDH) release can be induced under
high glucose (HG) conditions, which may lead to podocyte
depletion (13,14). Emerging evidence has suggested that active
components contained within certain Traditional Chinese
Medicine exert suppressive effects on HG‑induced inflam‑
mation and oxidative stress (14‑16). Gastrodin is one of the
primary components in the rhizome of the saprophytic peren‑
nial herb Gastrodia elata (17). A previous study demonstrated
that gastrodin can exert anti‑inflammatory and antioxidative
effects on neurodegenerative diseases including Alzheimer's
disease, Parkinson's disease and cerebral ischemia/reperfu‑
sion (18). Another study revealed that gastrodin treatment
conferred neuroprotective effects on patients with type 2
diabetes by inhibiting endoplasmic reticulum stress and acti‑
vating the NOD‑, LRR‑ and pyrin domain‑containing protein 3
(NLRP3) inflammasome (19). Additionally, gastrodin could
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suppress the apoptosis of human retinal endothelial cells
by blocking the sirtuin 1/Toll‑like receptor 4/NF‑κ B p65
signaling pathway under HG conditions (20). However, to the
best of our knowledge, the role of gastrodin in DN has not been
previously investigated. Based on these aforementioned find‑
ings, the present study hypothesized that gastrodin possesses
potential therapeutic effects against DN.
The AMP‑activated protein kinase (AMPK)/nuclear factor
erythroid 2‑related factor 2 (Nrf2) signaling pathway has
been reported to regulate several cellular processes, including
inflammation, oxidative stress and apoptosis (21‑23). A
previous study has revealed that gastrodin ameliorated oxida‑
tive stress and the inflammatory response whilst improving
lipid metabolism by activating the AMPK/Nrf2 pathway in
nonalcoholic fatty liver disease mouse and rat models (24).
Additionally, 4‑O‑methylhonokiol has been found to amelio‑
rate type 2 diabetes‑induced nephropathy in mice by activating
AMPK‑mediated fatty acid oxidation and Nrf2‑mediated
oxidative stress reduction (25). Therefore, it was speculated
that gastrodin may inhibit podocyte inflammation, oxidative
stress and apoptosis induced by HG through activation of the
AMPK/Nrf2 pathway.
In the present study, immortalized mouse podocytes were
pretreated with different doses of gastrodin under HG condi‑
tions to establish an in vitro model of podocyte injury. The
aim was to reveal evidence to support the potential protective
effects of gastrodin against inflammation and oxidative stress
in podocytes induced by HG.
Materials and methods
Cell culture and treatment. The mouse podocyte MPC5
cell line was obtained from the American Type Culture
Collection (26‑28). Podocytes were maintained in RPMI‑1640
medium (Thermo Fisher Scientific, Inc.) supplemented
with 10% inactivated FBS (Thermo Fisher Scientific, Inc.)
and 10 U/ml mouse recombinant interferon‑γ (IFN‑γ; Cell
Signaling Technology, Inc.) at 33˚C in a humidified atmosphere
of 5% CO2. When they reached 80% confluence, the podocytes
were incubated in RPMI‑1640 medium without IFN‑γ at 37˚C
for 10‑14 days to induce podocyte differentiation (29).
MPC5 cells were then divided into the following groups:
i) Normal glucose (NG; 5.5 mM D‑glucose); ii) mannitol
(MA; 5.5 mM glucose + 24.5 mM D‑MA; as osmotic
control); iii) HG (30 mM D‑glucose); and iv) HG + gastrodin
(Sigma‑Aldrich; Merck KGaA).
MPC5 cells were pretreated with different concentrations
of gastrodin (0.1, 1, 10 and 100 µM) for 24 h prior to HG
addition (30). MPC5 cells were also pretreated with 20 µM
Compound C (AMPK inhibitor, also known as dorsomorphin;
Tocris Bioscience) for 1 h before HG treatment (31,32) at 37˚C.
Cell Counting Kit‑8 (CCK‑8) assay. A CCK‑8 assay kit
(Beyotime Institute of Biotechnology) was used to evaluate
cell viability, according to the manufacturer's protocols.
Briefly, MPC5 cells (5x103 cells/well) were seeded into 96‑well
plates and treated with or without HG and gastrodin for 24 h
at 37˚C. Subsequently, 10 µl/well of CCK‑8 solution was added
into each well and the cells were incubated for an additional
2 h at 37˚C. The absorbance in each well was measured at

a wavelength of 450 nm using a microplate reader (Thermo
Fisher Scientific, Inc.).
ELISA. Following cell treatment, the secretion levels of
TNF‑ α, IL‑1β and IL‑6 in the MPC5 cell culture super‑
natants were determined using corresponding ELISA kits
(cat. nos. RAB0477, RAB0274 and RAB0308, respectively;
Merck KGaA), according to the manufacturer's protocols.
Western blot analysis. Following treatment, MPC5 cells were
lysed with RIPA buffer (Beyotime Institute of Biotechnology)
to extract total proteins. Protein concentration was determined
using the BCA Protein Assay kit. After denaturation at 100˚C
for 10 min, protein samples (40 µg) from each group were
loaded and separated using 10% SDS‑PAGE before they
were transferred onto PVDF membranes. Following blocking
with 5% skimmed milk for 2 h at room temperature, the
membranes were incubated at 4˚C overnight with primary
antibodies (all from Abcam except cleaved caspase‑6)
against monocyte chemoattractant protein 1 (MCP‑1; dilu‑
tion, 1:1,000; cat. no. ab214819), NLRP3 (dilution, 1:1,000;
cat. no. ab263899), apoptosis‑associated speck‑like protein
(ASC; dilution, 1:1,000; cat. no. ab283684), caspase‑1 (dilu‑
tion, 1:1,000; cat. no. ab207802), Bcl‑2 (dilution, 1:1,000;
cat. no. ab32124), phosphorylated (p)‑AMPK (dilution, 1:1,000;
cat. no. ab92701), AMPK (dilution, 1:1,000; cat. no. ab110036),
p‑Nrf2 (dilution, 1:500; cat. no. ab76026), Nrf2 (dilution, 1:1,000;
cat. no. ab137550), Bax (dilution, 1:1,000; cat. no. ab32503),
cleaved caspase‑3 (dilution, 1:500; cat. no. ab32042), caspase‑3
(dilution, 1:1,000; cat. no. ab32351), cleaved caspase‑6 (dilu‑
tion, 1:500; cat. no. 9761; Cell Signaling Technology, Inc.),
caspase‑6 (dilution, 1:1,000; cat. no. ab108335), cleaved
caspase‑9 (dilution, 1:500; cat. no. ab2324), caspase‑9 (dilu‑
tion, 1:1,000; cat. no. ab32539) and heme oxygenase‑1 (HO‑1;
dilution, 1:2,000; cat. no. ab52947). The membranes were then
blotted with species‑matched secondary antibodies (dilution,
1:1,000; cat. nos. ab6728 or ab6721; Abcam) for 1 h at room
temperature. Protein bands were visualized using the ECL
system (Pierce; Thermo Fisher. Scientific, Inc.), and the band
density was analyzed using ImageJ software (version 1.49;
National Institutes of Health).
LDH, malondialdehyde (MDA) and superoxide dismutase
(SOD) level determination. The levels of LDH and MDA and
the activity of SOD were evaluated using the corresponding
assay kits according to the manufacturer's protocols. Briefly,
MPC5 cells were seeded into six‑well plates (2x105 cells/well)
and treated with or without HG and gastrodin for 24 h at 37˚C.
Following treatment, cells were harvested and centrifuged
at 4˚C, 14,000 x g for 5 min before the levels of LDH were
measured in the cell supernatants using the LDH Assay
kit (cat. no. C0016; Beyotime Institute of Biotechnology).
Accordingly, the levels of MDA and SOD in the cell super‑
natants were determined using MDA and SOD Assay kits
(cat. no. S0131S and S0086; both from Beyotime Institute of
Biotechnology), respectively. A microplate reader was used to
detect the absorbance in each well at a wavelength of 595 nm.
TUNEL assay. Following treatment with HG and gastrodin,
TUNEL staining assay was performed to evaluate the
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Figure 1. Gastrodin increases the viability of MPC5 cells under HG stimulation. The cell viability of cells (A) treated with increasing concentrations of
gastrodin or (B) under HG with or without gastrodin pre‑treatment was detected using Cell Counting Kit‑8 assay. ***P<0.001 vs. NG. ##P<0.01 and ###P<0.001
vs. HG. NG, normal glucose; MA, mannitol; HG, high glucose.

apoptosis rate of MPC5 cells. The TUNEL Apoptosis
Detection kit (cat. no. 11684817910; Roche Applied Science)
was used according to the manufacturer's protocols. In brief,
the cells were washed twice with PBS after the experimental
procedures, then fixed with 4% paraformaldehyde at room
temperature in the dark for 30 min. Following incubation
with proteinase K for 15 min at 37˚C, cells were placed in 3%
H2O2 for 15 min at room temperature and stained using the
TUNEL detection kit. Subsequently, cells were incubated with
DAB for 10 min, counterstained with hematoxylin for 2 min
at room temperature and washed with PBS. Images from
TUNEL‑positive cells were captured under a light micro‑
scope (Olympus Corporation)at x200 magnification from five
separate randomly selected fields. The TUNEL apoptosis rate
(%)=number of TUNEL‑positive podocytes/total number of
podocytes x100%.

the dose of 100 µM gastrodin was selected for subsequent
experiments.

Results

Gastrodin alleviates HG‑induced inflammation and oxidative
stress in MPC5 cells. To explore the effect of gastrodin in
the development of DN, the concentration of inflammatory
cytokines, oxidative stress status and the expression levels
of NLRP3 signaling‑related proteins were next determined.
The ELISA results revealed that HG challenge significantly
enhanced the secretion of TNF‑ α, IL‑1β and IL‑6, whilst
gastrodin treatment partially but significantly reversed this
effect (Fig. 2A). Furthermore, western blot analysis results
demonstrated that HG challenge significantly upregulated
the protein expression levels of MCP‑1, NLRP3, ASC and
caspase‑1, which may serve an important role in mediating
the inflammatory responses (Fig. 2B). Pre‑treatment with
gastrodin also partially but significantly reversed the effects of
HG on the expression of MCP‑1, NLRP3, ASC and caspase‑1.
The activities of LDH and SOD, and the levels of MDA were
subsequently detected as biomarkers of oxidative stress.
As shown in Fig. 2C, HG challenge significantly enhanced
MDA levels and LDH activity, but significantly suppressed
SOD activity. These effects were partially but significantly
reversed by gastrodin pre‑treatment. These results suggested
that gastrodin can alleviate HG‑induced inflammation and
oxidative stress in MPC5 cells.

Gastrodin increases the viability of HG‑treated MPC5 cells.
To evaluate the cytotoxicity of gastrodin, MPC5 cells were
treated with different concentrations of gastrodin for 24 h.
CCK‑8 assay results showed that treatment with gastrodin
had no effect on cell viability (Fig. 1A). To examine the
effects of gastrodin on cell viability under HG condi‑
tions, MPC5 cells were pre‑treated with different doses of
gastrodin prior to HG treatment. CCK‑8 results showed that
gastrodin treatment increased the viability of HG‑induced
MPC5 cells in a dose‑dependent manner, with the increases
becoming significant at 10 and 100 µM (Fig. 1B). Therefore,

Gastrodin inhibits HG‑induced apoptosis in MPC5 cells.
To investigate the effect of gastrodin further, cell apoptosis
and the expression of apoptosis‑related proteins were deter‑
mined. TUNEL assay results showed that HG stimulation
significantly promoted MPC5 cell apoptosis, whereas cell
treatment with gastrodin significantly attenuated HG‑induced
apoptosis (Fig. 3A). Furthermore, the expression levels of the
antiapoptotic protein Bcl‑2 were significantly decreased in the
HG group compared with those in the NG group. Additionally,
the expression levels of the proapoptotic protein Bax and those
of cleaved caspase‑3, cleaved caspase‑6 and cleaved caspase‑9

Statistical analysis. Data are presented as the mean ± SEM
from at least three independent experiments. All data
were analyzed using the SPSS 19.0 software (IBM Corp.).
Multiple group comparisons were analyzed by one‑way
ANOVA followed by Tukey's or Bonferroni post hoc tests.
P<0.05 was considered to indicate a statistically significant
difference.

4

HUANG et al: EFFECT OF GASTRODIN ON PODOCYTES STIMULATED WITH HIGH GLUCOSE

Figure 2. Gastrodin alleviates HG‑induced inflammation and oxidative stress in MPC5 cells. (A) The secretion of inflammatory cytokines TNF‑ α, IL‑1β
and IL‑6 were analyzed by ELISA. (B) The expressions levels of MCP‑1, NLRP3, ASC and Caspase‑1 were determined by western blotting and quantified.
(C) MDA levels and the activities of LDH and SOD were quantified using their respective assay kits. ***P<0.001 vs. NG. ###P<0.001 vs. HG. NG, normal
glucose; HG, high glucose; MA, mannitol; LDH, lactate dehydrogenase; SOD, superoxide dismutase; MDA, malondialdehyde; MCP‑1, monocyte chemoat‑
tractant protein 1; ASC, apoptosis‑associated speck‑like protein; NLRP3, NOD‑, LRR‑ and pyrin domain‑containing protein 3.

were all significantly increased in the HG group compared
with those in the NG group. Gastrodin treatment significantly
reversed the HG‑induced Bcl‑2 downregulation and upregula‑
tion of Bax, cleaved caspase‑3, cleaved caspase‑6 and cleaved
caspase‑9 (Fig. 3B). These aforementioned findings suggest
that gastrodin can inhibit HG‑induced MPC5 cell apoptosis.

Gastrodin inhibits HG‑induced inflammation, oxidative stress,
and apoptosis by activating the AMPK/Nrf2 signaling pathway
in MPC5 cells. To investigate the specific mechanism underlying
the effect of gastrodin on podocyte injury, the protein levels of
p‑AMPK/AMPK, p‑Nrf2/Nrf2 and HO‑1 were detected by
western blot analysis. HG challenge significantly reduced the
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Figure 3. Gastrodin inhibits HG‑induced cell apoptosis in MPC5 cells. (A) Cell apoptosis was measured by TUNEL assay. (B) The expressions levels of
proteins related to apoptosis were determined by western blotting and quantified. ***P<0.001 vs. NG. ###P<0.001 vs. HG. NG, normal glucose; HG, high glucose;
MA, mannitol.

ratios of p‑AMPK/AMPK and p‑Nrf2/Nrf2 and the expression
of HO‑1 (Fig. 4). The levels of AMPK and Nrf2 phosphorylation
and HO‑1 expression were found be significantly upregulated in
the HG + 100 µM gastrodin group compared with those in the
HG group (Fig. 4), suggesting that gastrodin can promote the
activation of the AMPK/Nrf2 signaling pathway.
To verify the biochemical mechanism of gastrodin, cells
were treated with compound C to inhibit AMPK. MPC5 cells
were first pretreated with 20 µM compound C for 1 h prior
to HG treatment before the secretion levels of inflammatory
cytokines, oxidative stress markers, cell apoptosis and the
expression of apoptosis‑related proteins were all measured.
Pre‑treatment with compound C significantly reversed the
inhibitory effects of gastrodin on the secretion of inflamma‑
tory factors TNF‑α, IL‑1β and IL‑6 under HG (Fig. 5A). The
expression levels of NLRP3, ASC and caspase‑1 were signifi‑
cantly increased in the HG + 100 µM gastrodin + compound
C group compared with those in the HG + 100 µM gastrodin
group (Fig. 5B). Additionally, treatment with compound C
significantly reversed the effects of gastrodin on MDA levels
and activities of LDH and SOD (Fig. 5C).

A significantly increased apoptosis rate (Fig. 6A) and
expression of proapoptotic proteins Bax, cleaved caspase‑3,
cleaved caspase‑6 and cleaved caspase‑9 (Fig. 6B) were
detected in cells treated with compound C compared with
those in the HG + 100 µM gastrodin group. These findings
suggest that gastrodin can attenuate HG‑induced inflamma‑
tion, oxidative stress and apoptosis through the activation of
the AMPK/Nrf2 signaling pathway in MPC5 cells.
Discussion
DN is characterized by glomerular hypertrophy, decreased
glomerular filtration, proteinuria and renal fibrosis and is
recognized as a chronic complication of diabetes mellitus
that can eventually lead to the loss of renal function (33).
The diagnosis of DN is normally made based on microal‑
buminuria (34). Zhang et al (35) demonstrated that ~20% of
patients with diabetes may exhibit nephropathy complica‑
tions and the prevalence of DN has been increasing rapidly
in China (36). However, the pathogenic mechanism of DN
remains poorly understood. Previous studies have shown
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Figure 4. Gastrodin induces the activation of the AMPK/Nrf2 signaling pathway. The levels of p‑AMPK/AMPK, p‑Nrf2/Nrf2 and the expression of HO‑1
were determined by western blotting and quantified. ***P<0.001 vs. NG and ###P<0.001 vs. HG. NG, normal glucose; HG, high glucose; MA, mannitol; AMPK,
5'AMP‑activated protein kinase; Nrf2, nuclear factor erythroid 2‑related factor 2; HO‑1, heme oxygenase‑1; p‑phosphorylated; t‑, total.

that podocyte dysfunction serves a significant role in the
development and progression of DN (37,38). In addition,
recent studies have suggested that gastrodin can exert
a protective effect against HG‑induced systemic organ
injury (19,20). Therefore, the present study aimed to explore
the effect of gastrodin on podocyte injury and evaluate its
potential mechanism. In the present study, 5.5 and 30 mM
glucose were used to simulate normal and high glucose
conditions, respectively (39). The results revealed that
gastrodin suppressed inflammation, oxidative stress and
apoptosis in HG‑stimulated podocytes by activating the
AMPK/Nrf2 pathway, suggesting a protective effect of
gastrodin on DN progression.

Emerging evidence has suggested that HG‑induced
oxidative stress is involved the development and progres‑
sion of diabetes, where long‑term oxidative stress under
pathological conditions can induce excessive inflammatory
responses (40). In addition, the multiprotein inflammasome
complex, may serve an important role in initiating the inflam‑
matory response. NLRP3 induces the recruitment and the
autocatalytic activation of caspase‑1, causing the formation
of an inflammasome complex mediated by ASC (41). The
formation of NLRP3 inflammasome and the activation of
caspase‑1 facilitates the processing of the cytosolic precur‑
sors of IL‑1β and IL‑18, resulting in the secretion of these
biologically active cytokines (42). In the present study, HG
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Figure 5. Gastrodin inhibits HG‑induced inflammation and oxidative stress by activating the 5'AMP‑activated protein kinase/nuclear factor erythroid 2‑related
factor 2 signaling pathway in MPC5 cells. (A) The secretion of inflammatory cytokines, TNF‑α, IL‑1β and IL‑6 were analyzed by ELISA. (B) The expression
levels of MCP‑1, NLRP3, ASC and Caspase‑1 were determined by western blotting and quantified. (C) MDA levels and the activities of LDH and SOD were
quantified using their respective assay kits. Error bars represent the mean ± SEM from three independent experiments. **P<0.01 and ***P<0.001 vs. HG. #P<0.05,
##
P<0.01 and ###P<0.001 vs. HG + 100 µM gastrodin. HG, high glucose; LDH, lactate dehydrogenase; SOD, superoxide dismutase; MDA, malondialdehyde;
MCP‑1, monocyte chemoattractant protein 1; ASC, apoptosis‑associated speck‑like protein; NLRP3, NOD‑, LRR‑ and pyrin domain‑containing protein 3.
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Figure 6. Gastrodin inhibits HG‑induced apoptosis by activating the 5'AMP‑activated protein kinase/nuclear factor erythroid 2‑related factor 2 signaling
pathway in MPC5 cells. (A) Cell apoptosis was analyzed using TUNEL assay. (B) The expressions levels of proteins related to apoptosis were determined by
western blotting and quantified. **P<0.01 and ***P<0.001 vs. HG. #P<0.05, ##P<0.01 and ###P<0.001 vs. HG + 100 µM gastrodin. HG, high glucose.

challenge induced oxidative stress and promoted the secretion
of inflammatory cytokines. In addition, gastrodin alleviated
the HG‑induced inflammation and oxidative stress in MPC5
cells, suggesting that gastrodin can exert therapeutic effects on
DN. Inflammation and oxidative stress contribute to abnormal
tubular cell cycle progression and disrupted cell prolifera‑
tion, which have been proposed to be important mechanisms

underlying multiple kidney diseases, including acute kidney
injuries, chronic kidney diseases and polycystic kidney
diseases (43). The results of the present study demonstrated
that gastrodin dose‑dependently increased the viability of
HG‑induced MPC5 cells. Furthermore, gastrodin inhibited
HG‑induced MPC5 cell apoptosis, suggesting that gastrodin
can protect against HG‑induced podocyte apoptosis.
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To investigate the specific mechanism underlying the
protective effect of gastrodin on podocyte injury, the expression
levels of the proteins associated with AMPK/Nrf2 signaling
were determined. Accumulating evidence has suggested that
the AMPK/Nrf2 signaling pathway serves a significant role
in the pathogenesis of several inflammation‑related diseases,
such as atherosclerosis, diabetes and cancer (44‑46). For
example, gastrodin was found to reduce oxidative stress and
inflammation, whilst improving lipid metabolism in a model
of nonalcoholic fatty liver disease by activating AMPK/Nrf2
signaling (24). In the present study, gastrodin upregulated
the phosphorylation levels of AMPK, Nrf2 and the expres‑
sion of HO‑1, which was consistent with the previous study
aforementioned. Previous studies also reported that AMPK
and Nrf2 can mediate fatty acid oxidation and reduce oxida‑
tive stress, respectively (47,48). The activation of AMPK/Nrf2
signaling was previously found to improve lipid metabolism
and attenuated oxidative stress in renal tissues of mice with
type 2 diabetes‑induced nephropathy (25,49). Therefore, the
present study hypothesized that gastrodin could inhibit the
HG‑triggered inflammation, oxidative stress and apoptosis by
activating the AMPK/Nrf2 signaling pathway in MPC5 cells.
To verify these hypotheses, MPC5 cells were treated with
compound C, an AMPK inhibitor. The results indicated that
the inhibitory effects of gastrodin on HG‑triggered inflamma‑
tion, oxidative stress and apoptosis were overturned following
cell exposure to compound C. These findings suggested
that gastrodin could protect against HG‑induced podocyte
injury, inflammation and oxidative stress by activating the
AMPK/Nrf2 signaling pathway, indicating this to a promising
therapeutic approach for treating DN.
However, there are several limitations to the present study.
The effects of gastrodin on DN were only observed in vitro.
The role of gastrodin in animal DN models and human tissues
with DN was not explored in the present study. CCK‑8 assay
was used to detect the effects of different doses of gastrodin
on cell viability, which found that 0‑100 µM gastrodin had
no significant effect on the cell viability of untreated MPC5
cells. Due to the substantial difference in the experiments
in vitro and in vivo, the dose of gastrodin used in the present
study can only serve as a reference for future in vitro experi‑
ments. The appropriate dose of gastrodin for clinical use
in humans require further investigation. In addition, the
focus of the present study was to investigate the effects of
gastrodin on inflammation, oxidative stress and apoptosis
of podocytes, but did not explore the effects of HG and
gastrodin treatment on cell cycle progression. Finally, the
expression of proteins in the AMPK/Nrf2 signaling pathway
was mainly investigated in the present study, but it did not
explore the effects of gastrodin on the Sirtuin‑1 pathway,
which is another signaling pathway that is associated with
AMPK (50).
In summary, gastrodin treatment restored podocyte
viability under HG conditions in a dose‑dependent manner.
Notably, gastrodin inhibited HG‑induced inflammation, oxida‑
tive stress and podocyte apoptosis. Furthermore, gastrodin
promoted the activation of the AMPK/Nrf2 signaling pathway
in HG‑stimulated podocytes. Collectively, these findings
suggest that gastrodin can exhibit a protective effect against
podocyte injury by activating AMPK/Nrf2 signaling in DN.
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Therefore, gastrodin can be considered as an effective thera‑
peutic agent for treating DN.
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