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Abstract. – OBJECTIVE: Diabetic peripheral

neuropathy (DPN) is a common long-term complication of diabetes mellitus accompanied with
hyperglycemia and hyperlipidemia. Both high
blood glucose and high blood lipids are key
pathogenies for DPN. This research aims to investigate whether the combination of glucose
(Glu) and palmitic acid (PA) played a synergistic role in the pathogenesis of DPN.
MATERIALS AND METHODS: The proliferation rate of Rat Schwann cell line RSC96 cells
stimulated by different concentrations of Glu
and PA were analyzed by CCK-8 assay. After
the IC50 was detected for each drug, the RSC96
cells were divided into control, Glu, Glu+PA,
PA, and BSA groups. The apoptosis of RSC96
cells in different groups were detected by flow
cytometry. The effects of Glu and/or PA on
endoplasmic reticulum (ER) stress-associated
apoptotic signaling pathways were determined
by Western blot and qPCR.
RESULTS: Both Glu and PA showed similar
inhibition on the proliferation of RSC96 cells
in a dose-dependent manner. However, PA induced stronger apoptosis of RSC96 cells than
glucose and significantly increased the levels of X-box-binding protein-1 (XBP1), C/EBP
homologous protein (CHOP), and eIF2α phosphorylation, which are key proteins regulating
endoplasmic reticulum (ER) stress-associated
apoptotic signaling pathways. The combination
of Glu and PA induced the strongest apoptosis
in RSC96 cells and also activated ER stress-associated apoptotic signaling pathways. These
results verified the synergistic effect of Glu and
PA on inducing ER stress-associated apoptosis
in RSC96 cells, and PA even induced stronger
apoptosis in RSC96 cells than Glu.
CONCLUSIONS: The present research indicated that hyperglycemia and hyperlipidemia might
exert a synergistic damage during the pathogenesis of DPN, suggesting that blood lipid control is as important as blood glucose control for
DPN patients.
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Introduction
Diabetes mellitus is becoming a global health issue. It is estimated that the prevalence of diabetes
mellitus will reach 642 million by 20401,2. Diabetic
patients usually accompany with a range of microvascular complications (e.g., retinopathy, nephropathy, and peripheral neuropathy), and macrovascular
complications (e.g., peripheral vascular disease and
ischemic heart disease)3,4. Diabetic peripheral neuropathy (DPN) is a common complication of diabetes mellitus with high morbidity rate and mortality
rate, and reduced living quality5-7. Schwann cell (SC)
is the primary glia cell of the peripheral nervous system, which plays crucial roles in peripheral nervous
system. It is not only involved in the development
and regeneration of neurons, but also provides the
trophic support for neurons8,9. Consistent exposure
to extreme high levels of glucose leads to SC deficiency, which contributes to DPN9,10.
Currently, high levels of blood glucose are
considered as a major cause of diabetic complications, including angiopathy and neuropathy.
However, the theory of hyperglycemia as the
prevalent cause of diabetic complications was
challenged by researchers. There were about
40% of diabetic patients who still developed
neuropathy even though their blood glucose
levels were well controlled. Pitenger et al11 reported that serum from Type 1 diabetic patients
showed toxic effect on neurons independent
of serum glucose levels. Thus, there might be
some components in the serum of diabetic pa-
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tients rather than glucose which cause damage
to peripheral nerves, leading to DPN.
Patient’s metabolic status also contributes to
the pathogenesis of neuropathy, such as obesity
and hyperlipidemia4,12. In a cohort of participants
with mild to moderate diabetic neuropathy, elevated triglycerides are correlated with the loss
of sural nerve myelinated fiber density, which is
independent of blood glucose level, disease duration, age, and other variables. These data suggest
that hyperlipidemia is correlated with the progression of diabetic neuropathy13. The levels of
serum monounsaturated free fatty acid (FFA) oleic acid (OA, 18:1) and the saturated FFA palmitic
acid (PA, 16:0) are always increased in obese and
type II diabetic patients14.
The overloaded lipid in non-adipose tissues
can cause cell deficiency and cell death, which is
known as lipotoxicity. The consistent exposures
of non-nerve cells to high levels of FFA result in
lipotoxicity15-17. Elevated levels of FFAs in diabetic
and obese individuals promote TNF-alpha-mediated cell death of vascular smooth muscle cells16.
The quick accumulation of FFAs in certain pathophysiological conditions, such as brain or spinal cord damages, could contribute to the death
of nerve cells18,19. In vitro exposure of myenteric neuron to high levels of PA leads to neuronal
shrinkage and reduced neuronal survival rate14.
These reports suggest that FFA overload plays a
critical role in cell death of neurons.
Recent reports20-22 emphasize the role of endoplasmic reticulum (ER) stress in the development
of DPN. ER stress is a cellular process, triggered
by the accumulation of abnormal folding proteins
in the ER lumen. ER stress stimulates the unfolded
protein response (UPR), aiming to remove unfolded or misfolded proteins and to restore ER homeostasis. Failure recovery from the ER stress usually
leads to cell death23,24. Salubrinal treatment, a specific inhibitor of eukaryotic initiation factor-2alpha
(eIF-2α) dephosphorylation, suppressed ER stress in
a high-fat diet fed mouse model with impaired glucose tolerance, leading to the alleviation of peripheral nerve dysfunction22. In a streptozotocin-induced
diabetic mouse model with C/EBP homologous
protein (CHOP) deficiency, trimethyloxide therapy
enhanced expression of folding protein-glucose-regulated protein 78 (GRP78) and improved peripheral
nerve function, compared to wild-type mice25. These
findings suggest an important role of ER-stress in
the development of DPN.
In this study, we investigated the interaction
between elevated levels of glucose (Glu) and PA in

the development of diabetic neuropathy. We treated
SC with different concentrations Glu and/or PA for
different time durations, and found that PA played a
dominant role in cell death of SC. The combination
of Glu and PA showed a synergistic damage to SC.
Moreover, both PA and the combination treatments
activated multiple ER stress signal pathways. These
data indicated that pathological conditions with lipid
elevation might cause ER stress and SC dysfunction.
The combination of high blood glucose and blood
lipid synergistically activated the ER stress-associated apoptosis signal pathways. Our findings verified the important role of Glu and PA in DPN associated with the induction of ER stress, which provided
a potential new therapeutic target for DPN.

Materials and Methods
Cell Lines and Culture Condition
The Rat Schwann cell line RSC96 was obtained from China Center for Type Culture Collection (CCTCC). RSC96 cells were maintained
in common Dulbecco’s Modified Eagle’s Medium
(DMEM; Gibco, Rockville, MD, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Rockville, MD, USA) and 100 U/mL penicillin-streptomycin (Gibco, Rockville, MD, USA),
and grown at 37°C in a humidified atmosphere
containing 5% CO2.
Cell Viability Assay
RSC96 cells were seeded onto a 96-well plate
with 2×103 cells/well at logarithmic phase. Additional Glu was dissolved in 1×phosphate buffered
saline (PBS) and PA solution was prepared with
0.4% bovine serum albumin (BSA) in 1×PBS.
After 24 h, the medium was replaced with fresh
completed DMEM medium containing different
concentrations of Glu (25, 50, 100, 200, 300 mM),
PA (0.2, 0.4, 0.6, 0.9 mM; Gibco, Rockville, MD,
USA). The same volume of 300 mM mannose
(Sigma, St. Louis, MO, USA) was added into the
control group to keep a similar osmotic potential,
and 0.4% BSA (Sigma, St. Louis, MO, USA) was
added into the vehicle control group. Five parallel duplicate wells were set under each condition.
The treatments were maintained for 24 h separately, and cell proliferation was determined by
Cell Counting Kit-8 (CCK-8) according to the
manufacturer’s instructions (Beyotime, Shanghai, China). Briefly, 10 μL of CCK-8 solution was
added to each well and cells were further incubated at 37°C for 3 h. The absorbance value (OD450
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value) was measured at a wavelength of 450 nm
with an automatic microplate reader.
Grouping
RSC96 cells were randomly divided into control
group and four groups with different treatments:
Glu group (100 mM Glu), Glu+PA group (100 mM
Glu and 0.4 mM PA/BSA), PA group (0.4 mM PA/
BSA), or BSA group (0.4% BSA). In the control
group, the same volume of 100 mM mannose was
added to culture medium to keep a similar osmotic
potential compared to other treatment groups. Five
parallel duplicate wells were set under each condition. Cells were incubated at 37°C for 12 h, 24 h,
or 48 h separately. Cell viability was detected by
CCK-8 assay, and cell morphology was recorded
under an inverted microscope.
Flow Cytometric Apoptosis Assay
Cell apoptosis was analyzed by using an Annexin V-FITC Apoptosis Assay kit according
to the manufacturer’s instructions (Beyotime,
Shanghai, China). Briefly, cells were resuspended
in the binding buffer, and then, stained with 5 μL
of annexin V-FITC and 10 μL of propidium iodide
(PI). The cells were incubated for 20 min in the
dark under room temperature. Cells were then analyzed using a Gallios flow cytometer (Beckman,
Franklin Lakes, NJ, USA). Data were analyzed
with Kaluza software (version 1.3). The quadrant
was draw according to the outlines of PI-Annexin
V- and PI+Annexin V+ cell populations.
Western Blotting
Stimulated cells were harvested and dissociated in RIPA lysis buffer (Beyotime, Shanghai,
China) containing protease inhibitor (Complete,
Roche, Basel, Switzerland). All the selected protein extracts of each group cells were resolved by
12% SDS-PAGE and transferred on polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA, USA). PVDF membranes were blocked
with 5% skim milk (Yuanye, Shanghai, China)
for 1 h at room temperature and incubated overnight with GRP78 antibody (1:1000, Cell Signaling, Danvers, MA, USA, Cat#: 3183s), XBP1 (0.3
μg/mL, BioLegend, San Diego, CA, USA, Cat#:
619502), CHOP (0.4 μg/mL, Santa Cruz, Santa
Cruz, CA, USA, Cat#: sc-7351), eIF-2α (2 μg/mL,
MultiSciences Biotech, Hangzhou, China, Cat#:
ab32795), Phospho-eIF-2α (2 μg/mL, MultiSciences Biotech, Hangzhou, China, Cat#: ab30251),
Cleaved caspase-3 (1:1000, Cell Signaling, Danvers, MA, USA, Cat#: 9664s), β-actin (0.5 μg/ mL,
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MultiSciences Biotech, Hangzhou, China, Cat#:
ab008), or GAPDH (0.5 μg/mL, MultiSciences Biotech, Hangzhou, China, Cat#: Mab5465)
at 4°C. The secondary antibody conjugated with
HRP (1:5000, Lianke, Hangzhou, China) was incubated for 2 h at room temperature. Signals were
detected using an HRP Enhanced Chemiluminescent Kit (BI) and images were scanned.
Quantitative Real-Time PCR (qRT-PCR)
RNA from RSC96 cells was separated by
RNeasy Mini kit (Qiagen, Hilden, Germany),
and complementary deoxyribose nucleic acid
(cDNA) was synthesized by a RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific,
Waltham, MA, USA). Gene expression of spliced
XBP1 was determined by real-time PCR with
Thermo SYBR green/ROX (Thermo Scientific,
Waltham, MA, USA) and primers (sXBP1-For:
GCAGCAAGTGGTGGATTTGG, sXBP1-Rev:
CACCTGCTGCGGACTCA) in a 7500 Real-Time
PCR system (Applied Biosystems, Foster City,
CA, USA). The fold changes of gene expression
were analyzed by using the comparative threshold cycle method and normalizing to rat β-actin as
the reference gene (β-actin-For: ACCCGCGAGTACAACCTTCTT, β-actin-Rev: GACCCATACCCACCATCACAC). The specificity of the PCR
products was determined by dissociation curves.
Statistical Analysis
Data were expressed as means ± SEM (Standard Error of Mean) and analyzed using Prism
software (version 7, GraphPad, La Jolla, CA,
USA). Student’s t-test (unpaired, two sided) was
used for comparing two groups. One-way analysis of variance (ANOVA) with Tukey’s post-hoc
test was used for multi-group comparisons. Values were considered statistically significant when
p<0.05. Significant differences and the p-values
are represented in figures by asterisks as follows:
* p<0.05; ** p<0.01; *** p<0.001.

Results
High Levels of Glu and PA Inhibited
Schwann Cell Proliferation in
a Dose-Dependent Manner
As shown in Figure 1A, Glu showed dose-dependent inhibition on cell proliferation of SC. The
OD450 value reduced more than 50% compared
to control (300 mM mannose), when the concentration of Glu was above 200 mM. The IC50 for
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Figure 1. High concentrations of glucose (Glu) and palmitic acid (PA) inhibit Schwann cell proliferation in a dose-dependent
manner. RSC96 cells (SC) were seeded onto a 96-well plate with 2×103 cells/well. After 24 h, the cultures were treated with increasing concentrations of Glu (25, 50, 100, 200, 300 mM) or PA (0.2, 0.4, 0.6, 0.9 mM). The same volume of 300 mM mannose
or 0.4% BSA was added into the control and vehicle control group, respectively. Cell proliferation was determined in the indicated
time duration by using a Cell Counting Kit-8 (CCK-8) according to the manufacturer’s instructions. Glu inhibited SC proliferation in a dose-dependent manner at 24 h (A). PA inhibited SC proliferation in a dose-dependent manner at 24 h (B). Five parallel
duplicate wells were set under each condition and the experiments were repeated four times. Data are mean ± SEM (Standard
error of mean), and one-way ANOVA was used for statistical analysis. * p<0.05, ** p<0.01, *** p<0.001 versus control.

Glu is 100 mM. As shown in Figure 1B, all the
tested concentrations (0.2-0.9 mM) of PA showed
significantly inhibition on SC proliferation in a
dose-dependent manner. The OD450 value reduced
more than 50% compared to control group, when
the concentration of PA was above 0.6 mM (Figure 1B). The IC50 for PA is 0.4 mM.

A

B

The Combination of Glu and PA
Inhibited Schwann Cell Proliferation
in a Synergistic Way
As shown in Figure 2, Glu (100 mM) and PA
(0.4 mM) showed similar suppression on SC proliferation at different time points, compared to
the control group (100 mM mannose). The com-

C

Figure 2. The combination of Glu and PA inhibited Schwann cell proliferation in a synergistic way. The combination of PA
(0.4 mM) and Glu (100 mM) showed synergistic inhibition on SC proliferation, compared to control (100 mM mannose) at 12
h (A), 24 h (B), and 48 h (C) separately. Five parallel duplicate wells were set under each condition and the experiments were
repeated four times. Data are mean ± SEM (Standard error of mean), and one-way ANOVA was used for statistical analysis. *
p<0.05, ** p<0.01, *** p<0.001 versus control.
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Figure 3. The combination of
Glu and PA significantly affect the
morphology of Schwann cells. SCs
were cultured for 24 hours and then
treated with PA (0.4 mM), Glu (100
mM) or their combination. Cell
morphology was recorded at 12 h,
24 h or 48 h post-treatments under
inverted microscope. The experiments were repeated three times independently (magnification, ×100.
Scale bars, 100 μm).

bination of Glu and PA showed greater inhibition
compared to single Glu or PA treatment at different time points. The greatest inhibition time point
was observed at 24 h. No difference was observed
between vehicle group (0.4% BSA) and control
group at different time points.
As shown in Figure 3, After 24-hour or 48hour treatment, the majority of cells in Glu+PA
or PA groups became shrunk, rounded and floating, compared to control group, while cells in
Glu group became long and thin without other
changes. These results might suggest that PA and
the combination of Glu and PA treatment caused
more severe morphology change than Glu alone.
Therefore, these data illustrated that high concentrations of either Glu or PA inhibited SC proliferation significantly, and the combination treatment
showed a synergistic effect.
The Combination of Glu and PA
Induced Schwann Cell Apoptosis
in a Synergistic Way
Cell apoptosis was determined by analyzing
the translocation of phosphatidylserine (PS) by
Annexin V-FITC and cell death by PI. After 24hour treatment, the percentages of the late apoptosis events (Annexin-V+PI+ cells) were significantly increased in Glu+PA group and PA group,
compared to both Glu group and control group
(Figure 3A). After 48-hour, Glu+PA and PA treatments not only further increased the percentages
of the late apoptosis events (44.5% and 29.33%,
respectively), but also elevated the proportions
of the early apoptosis events, compared to con152

trol and Glu groups (Figure 3B, 3C). However,
Glu treatment only increased the percentages of
late apoptosis at 48 h, compared to control group
(Figure 3C). Furthermore, Glu+PA group induced
the largest percentage of apoptosis among all the
groups in both early and late apoptosis (Figure 4).
Thus, all these data suggested that PA induced
stronger apoptosis than Glu in Schwann cells, and
the combination of them exerted a synergistic effect in inducing SC apoptosis.
The Combination of PA and Glu Induced
Endoplasmic Reticulum Stress-Associated
Apoptosis Synergistically
ER-stress related proteins including GRP78,
X-box binding protein 1 (XBP1), eIF-2α, and
CHOP were analyzed by Western blot. As shown
in Figure 5A, GRP78 protein expression level was
increased after 24-hour treatments of Glu, PA or
Glu+PA, compared to control group. The protein
levels of XBP1 and CHOP, as well as spliced Xbp1
gene expression level, were significantly increased
in PA or Glu+PA group after 24-hour treatment,
compared to both control and Glu groups (Figure
5A and Figure 6). After 48-hour treatment, the effects of Glu on GRP78 were disappeared, while
the protein levels of XBP1 and CHOP remained
increasing in PA and Glu+PA groups, compared to
control and Glu groups (Figure 5B). Furthermore,
PA or Glu+PA treatments also increased the phosphorylation of eIF-2α, compared to control and
Glu groups (Figure 5C), indicating that PA might
activate eIF-2α signaling pathway. The cleavage of
caspase 3 was also analyzed, as a frequently ac-
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A
Figure 4. The combination of Glu and PA induced Schwann cell apoptosis in a synergistic way. SCs were cultured for 24
hours and then treated with PA (0.4 mM), Glu (100 mM) or their combination. Cells were harvested at 12 h, 24 h, and 48 h
post-treatment for apoptosis analysis by using an Annexin V-FITC Apoptosis Assay kit according to the manufacturer’s instructions. Annexin V-FITC+PI- cell population is at the early stage of apoptosis, and Annexin V-FITC+PI+ cell population is
at the late stage of apoptosis. Representative flow cytometry figures showed SC apoptosis (A). Statistical analysis of early (B)
and late (C) stages of SC apoptosis at 48 h after treatments. The experiments were repeated three times with similar data. Data
are mean ± SEM, and one-way ANOVA was used for statistical analysis. * p<0.05, ** p<0.01, *** p<0.001 versus control.

A

B

C

Figure 5. The combination of Glu and PA
treatment induces ER
stress-associated apoptosis in Schwann cells
synergistically.
Protein levels of GRP78,
XBP1, CHOP, eIF-2α,
eIF-2α phosphorylation,
Caspase 3 cleavage,
GAPDH, and β-actin of
in different groups at 24
h (A, C) and 48 h (B).
The experiments were
repeated three times independently.
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Figure 6. mRNA Levels
of spliced XBP1 (sXBP1) of
Schwann cells in different
groups. Schwann cells were
harvested for total RNA extraction and cDNA synthesis.
qPCR was used to determine
the mRNA Levels of spliced
XBP1 (sXBP1) of Schwann
cells in different groups. The
experiments were repeated
three times with similar results. Data are mean ± SEM,
and one-way ANOVA was
used for statistical analysis.
** p<0.01 versus control.

tivated death protease in cell apoptosis associated
with ER stress. Consistent to the significant impacts of PA on SC apoptosis (Figure 3), both PA
group and Glu+PA group induced the cleavage of
caspase 3, compared to control and Glu groups
(Figure 5C). Together, these data suggested Glucombined with PA induced endoplasmic reticulum
stress-associated apoptosis signal pathways synergistically.

Discussion
Diabetes mellitus is a chronic metabolic disorder. Long-term complications, such as retinopathy, nephropathy, and neuropathy, are major causes of the high morbidity, mortality and reduced
quality of life26-28. Among them, DPN affects
more than 50% of diabetic patients. High levels of
blood glucose have long been considered as a major cause of diabetic-associated complications29-32.
In this study, we found that high levels of either
glucose or PA significantly inhibited proliferation of SC. However, high levels of PA showed
a stronger inhibition on the RSC96 cells viability, and induced stronger apoptosis compared to
high concentration of glucose. Furthermore, the
combination of Glu and PA showed a synergetic
effect on the inhibition of cell proliferation and
induction of apoptosis. The Western blot results
showed that both PA and Glu+PA groups upregulated the expression of GRP78, XBP1, CHOP, and
the phosphorylation of eIF-2α in SC, while Glu
group only slightly affected GRP78 expression.
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Together, these data suggested the synergistic effect of Glu and PA on inducing endoplasmic reticulum stress-associated apoptosis in RSC96 cells,
and emphasized the importance of consistent lipid over-exposure during the pathogenesis of DPN,
as well as hyperglycemia.
To characterize the effects of high concentrations of PA and Glu on the peripheral nerve
system, Schwann cell is commonly used for in
vitro study. RSC96 cell lines is spontaneously transformed Schwann cell lines derived from
long-term culturing primary Schwann cells33-35
with stable functional and pathophysiological
characters, which is widely used in neuroscience
researches.
ER stress is a critical process leading to cell
death, which is usually due to the accumulation
of unfolded proteins in the lumen of the ER followed with the activation of ER stress-associated
signaling pathways23,36. ER stress response is an
adaptive process and highly regulated by at least
three signaling pathways37,38. The first response
is to reduce the synthesis of new protein and to
prevent the further accumulation of unfolded proteins39. The second response is to increase expression of chaperone proteins, such as GRP78, and
to enhance the protein-folding capacity40,41. The
third response is to eliminate damaged cells via
the induction of apoptosis, which occurs when the
ER is severely damaged42. Upon ER stress, the
phosphorylation of IRE1 promotes the splicing of
XBP1 mRNA. Spliced Xbp1 could induce ER-associated degradation chaperones, e.g., GRP7843-45.
The upregulation of GRP78 is frequently correlat-

The synergistic effect of glucose and palmitic acid on Schwann cells

ed with cell survival46,47. In addition, spliced Xbp1
can also activate the transcription of CHOP (also
known as GADD153)48,49. CHOP is a major signal
pathway that promotes ER stress-associated cell
death43,50,51. Therefore, XBP1 is able to simultaneously regulate the pro-survival and pro-apoptosis
signaling pathways.
Interestingly, we found that PA or Glu+PA dramatically upregulated expression of XBP1, GRP78,
and CHOP at both 24 and 48 h. However, the increased folds of CHOP compared to control were
much higher than that of GRP78. This is consistent with the flow cytometry results, showing that
PA or Glu+PA significantly induced SC apoptosis,
compared to control and glucose groups.
Consistent with previous reports52-58, our results verified that high levels of glucose inhibited
SC proliferation and induced apoptosis. However, it did not significantly affect ER stress-related
signaling pathways, indicating that high levels of
glucose and PA may suppress SC proliferation
via distinct mechanisms. Accumulating research
evidences suggest that hyperglycemia causes glucotoxicity via several mechanisms, including the
activation of poly-ADP-ribose polymerase and
the induction of oxidative stress54-57.
Although hyperglycemia is the most common
characteristic of diabetic patients, hyperlipidemia, obesity, and hypertension are frequently
observed in diabetic patients as well. More and
more attention has been paid to the interplay between hyperglycemia and hyperlipidemia in DPN.
Our study suggested that both hyperglycemia and
hyperlipidemia suppressed SC proliferation, and
the combination of them synergistically induced
SC apoptosis, indicating that blood lipid control
is as important as blood glucose control for DPN
patients.
We firstly verified the synergistic effect of PA
and glucose in the pangenesis of DPN, which was
mediated by ER stress-associated signal pathway.
In this study, we found that PA and glucose not
only inhibited SC proliferation but also induced
SC apoptosis. To our surprise, their combination
showed stronger impacts on both the proliferation
and apoptosis of SC, compared to either of them.
Consistent to their synergistic effects, the combination of glucose and PA induced endoplasmic
reticulum stress-associated apoptosis signal pathways in SC synergistically. These findings highlight the differential impacts of hyperglycemia
and hyperlipidemia in DPN, and their synergistic
effect in the pathogenesis of DPN. It emphasized
the pathogenic role of PA and the combination of

Glu and PA in DPN associated with ER stress,
which provided a potential new therapeutic target
for DPN.

Conclusions
Our study illustrated the synergistic effect of
PA and Glu on inhibiting proliferation and inducing ER stress-associated apoptosis in Rat Schwann
cells. Both high concentration of PA and Glu
suppressed SC proliferation in a dose-depended
manner. However, the combination of PA and Glu
inhibited cell viability and induced ER stress-associated apoptosis in RSC 96 cells more significantly
than single PA or Glu. These findings highlight the
synergistic effect of hyperglycemia and hyperlipidemia in the pathogenesis of DPN, indicating that
blood lipid control is as important as blood glucose
for DPN patients.
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