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Epimedii folium Polysaccharide Ameliorated Glucose
Metabholic Disorder in Type 2 Diabetic Mice by
Regulating the SIRT1/PPARy Signaling Pathway

Ruo-Fei Huang, Lin-Lin Xu, Tian-Xi Chen, Ke Li, Jing-Yao Xia, Hui-Shang Wang*

The First People’s Hospital of Yongkang, Zhejiang, CHINA.

ABSTRACT

Background and Aim: Epimedii folium is a widely used herbal medicine with numerous
medicinal effects. In this study, we aimed to investigate the effects of Epimedii folium
polysaccharide (EFP) in db/db metabolic disorder mice model. Materials and Methods:
Studies were carried out by the db/db mice with separately receiving EFP (100 mg/
kg, 400 mg/kg) and metformin (300 mg/kg/day) for 8 weeks. Results: In the present
study, we show that EFP and metformin ameliorated metabolic disorders and decreased
the levels of glucose metabolism parameters in a dose-dependent manner. Besides,
the hepatorenal function was also improved with EFP and metformin. In addition, EFP
and metformin also reduced the lipid vacuoles accumulated in the hepatocytes and
alleviated the hepatocyte’s hypertrophy and nuclei shrunk. Moreover, EFP and metformin
also reduced the activity level of MDA and increased the antioxidant enzymes levels,
including CAT, SOD, and GSH-Px, as well as the mRNA and proteins expression of SIRT 1
and PPARy in the mice liver. Conclusion: Our data demonstrate that EFP ameliorated
hyperglycemia mediated oxidative stress and promoted lipid metabolism in T2D mice,
and was partially associated with activation of SIRT1/PPARy pathway in db/db mice.
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INTRODUCTION

Type 2 diabetes (IT2D) is a common and
complex, chronic metabolic disease affecting
the aging population and middle-aged people
with unhealthy lifestyles.”” The typical
hallmark of T2D was hyperglycemia caused
by insulin resistance, dyslipidemia, and
induction of pro-inflammatory response.’*
These mutually influenced factors resulted
in diabetic nephropathy, diabetic ophthal-
mopathy, coronary artery disease, obesity,
and nonalcoholic fatty liver disease, etc.*’
The liver, one of the central metabolic
organs, plays a pivotal role in the regulation
thus
keeping the metabolic homeostasis of

of wvarious biochemical reactions,
whole-body glucose, fatty acids, and amino
acids.® While mitochondtia are key organelles
in the regulation of liver energy metabolism.
Hence, the
particulatly threatened the mitochondria and

hyperglycaemic status

S274

induced the mitochondria oxidative stress
and mitochondria injury, which contributes
to ROS production, the reduction of
capacity,
mitochondtial membrane potential.”*

The of ROS production
activated the stress kinases, such as c-Jun

antioxidant and changes in

disturbance

N-terminal kinase and protein kinase C,
which phosphorylated insulin receptor-1
and induced insulin resistance.’ Besides,
the antioxidative defenses system was also
damaged resulting in excessive free radical
production.” These alterations accordingly
contributed to dysregulated fatty acid
metabolism with plasma non-esterified fatty
acids (NEFA) accumulation, which leads to
hepatic oxidative stress and lipotoxicity.'"!?
Hence, it’s paramount to find efficient

medicines to conquer these questions.
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Traditional Chinese Medicine displayed pharmacological
effects with wide clinical applications in Asia. Besides, it
was more and more popular worldwide in recent years.
The Epimedii folium (Chinese name “YinYangHuo”)
is a proverbial herbal medicine that has been broadly
used as a aphrodisiac, tonic, and antitheumatic.”” Also,
Epimedii folinm polysaccharides (EFP) are one of the
active ingredients in the Epmedii folinm (Berberidaceae).
In scientific researches, several reports had shown that
EF exhibited varieties of biological effects, such as
antitumor,' immunoregulatory,” antioxidant,'™"” and
anti-hyperlipidemic, cholesterol-lowering activities in
obesity."® However, the anti-diabetic effect of EFP on
the db/db mouse model and its potential mechanisms
are still unclear. Therefore, there is great medicinal
utilization potential of EFP in metabolic diseases.

The NAD+-dependent deacetylase, sirtuin 1 (SIRT1) was
a key protein that played important role in mitochondrial
oxidative activities.”” And, it could deacetylate the
peroxisome proliferator-activated receptor y coactivator-1a
(PGC-1a) to modulate glucose homeostasis.*’ Additionally,
the transcriptional factor peroxisome proliferator-
activated receptor y (PPARY) engaged in the ability of
lipid esterification and B-oxidation through the mTOR
signaling pathway.” Hence, to our knowledge, we
attempted to investigate the medicinal effect of EFP
in modulating hyperglycemia-induced hepatic oxidative
stress through the SITR1/PPARy axis in the T2D mice
model.

MATERIALS AND METHODS
Chemical reagents

Epimedii folium polysaccharides and metformin were
purchased from Solarbio (Beijing, China. A high-fat
diet was obtained from Nanjing jinyibo biotechnology
co. LTD (D12450B, Nanjing, China). Alanine
aminotransferase (ALT), alanine aminotransferase (AST),
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) assay kits, UA assay kits, Ucr
assay kits, and U-ALB assay kits were purchased from
Nanjing Jiancheng Bioengineering Institute (Jiangsu,
China). ADVIA Centaur chemiluminescence apparatus,
TRIZOL Kit, SYBR Green PCR Master Mix, and Prime
Script RT Enzyme Mix were purchased from TaKaRa
(Takara, Tokyo, Japan). RIPA buffer was purchased
from Sigma. SDS-PAGE gel kits and Hematoxylin
and eosin Staining Kit (C0105) were purchased from
Beyotime (Shanghai, China). PVDF membranes were
purchased from Millipore. Primary antibodies against
SIRT1 and PPARy were purchased from Cell Signaling
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Technology (Danvers, MA, USA, Cat no. 2028, 95128).
Chemiluminescence detection reagents (ECL) were
purchased from Thermo Fisher Scientific.

Animal and experimental design

Thirty diabetic mice (db/db) (aged six weeks with
a body-weight of 35g = 2.45¢) and the other six age-
matched non-diabetic mice (db/m) (18.5¢ = 1.25¢),
were purchased from the Nanjing University Model
Animal Research Institute, and maintained at animal
experimental research center of Zhejiang Chinese
Medical University (Zhejiang, China).
were housed in a standardized environment with the

The mice

controlling conditions: temperature, 20-25°C; humidity,
40%-70%; circadian conditions; 12 hr light/datk cycle,
and had free access to regular diet and water. After
adaptation for 2 weeks, the db/db mice that met
with the diagnostic criteria for T2D (random blood
glucose =211.1 mmol/L) were randomly divided into
the following four groups, # = 6 in each group, based
on the blood glucose and body weight levels: T2D
group, intragastrically treated with 0.3% CMC-Na; EFP
groups, intragastrically administered with 100 mg/kg or
400 mg/kg EFP, respectively, and metformin (Met)
group, intragastrically administered with 300 mg/kg/day.
Meanwhile, the control mice have also received saline
solution. At the end of the 8-week treatment period,
the food intake, water intake, and urine volume in all
the mice were evaluated, and record the body weight
of the mice, then we collected the blood via the tail
vein of the mice to evaluate the fasting blood glucose
and haemoglobin Alc (HbAlc) levels. Afterward, all
the mice were anesthetized with 2% isoflurane and
sacrificed, then we collected the blood samples from
all the mice aorta abdominalis immediately and all the
mice liver tissue samples were snap-frozen in liquid
nitrogen or immersed in formalin for experiments. All
animal experimental procedures were approved by the
Committee for Animal Research of Zhejiang Chinese
Medical University (Zhejiang, China).

Biochemical parameters assays

The blood samples collected from the aorta abdominalis
were centrifugated at 3500 r/min for 15 min at 4°C.
Then, the fasting serum insulin (FINS) and glucagons
levels were measured by radio-immunoassay (RIA)
method with chemiluminescence apparatus. In addition,
the levels of ALT, AST, TC, TG, HDL-C, LDL-C, Sct,
and BUN in serum and UA, Ucr, and U-ALB in urine
were separately quantified with the commercial assay
kits following the manufacturer’s protocols.
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Histological analysis

After treatment for 8 weeks, mice were weighed, and the
blood samples were collected from the aorta abdominalis
under anesthesia. Then, mice were sacrificed. Next, the
liver tissues were removed and fixed with 10 % neutral
formaldehyde for 48 hr. After that, paraffin sections
were prepared and stained with hematoxylin and eosin
(H&E). Finally, Images were obtained with an Olympus
BX41 microscope.

Hepatic oxidative parameters assays

The collected liver samples were homogenated in cold
PBS and then centrifuged at 12000 r/min for 10 min
at 4°C. Then, the supernatant of the homogenization
medium was collected. The amount of malondialdehyde
(MDA), superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GSH-Px) was analyzed
with the commercial assay kits according to the
manufacturet’s instructions.

qRT-PCR analysis

Total RNA was extracted from the isolated liver tissues
with TRIzol, then the RNA was reverse-transcribed
into cDNA and amplified with Real-time RT-PCR
by SYBR Green PCR Master Mix in MyCycler PCR
apparatus. Afterward, we calculated the mRNA
expression levels with the 224 method with GAPDH
as the reference marker. The primers sequences of the
genes utilized are shown as follows: PPARy: forward,
5-GGAGCCTAAGTTTGAGTTTGCTGTG-3’,
reverse,5-"TGCAGCAGGTTGTCTTGGATG-3’;SIRT1:
forward, 5-GCGATTGGGTACCGAGATAAC-3,
reverse,5-GGCCTTGGAGTCCAGTCACTA-3;GAPDH:
forward, 5-TGCACCACCACCTGCTTAGC-3’, reverse,
5-GAGGGGCCATCCACAGTCTTC-3.

Western blotting

The total proteins were extracted from the isolated
liver tissues with RIPA buffer containing PMSE, then
the proteins were denatured and evaluated the protein
concentration with the BCA protein assay kit. Proteins
(20 pg) were subsequently separated by 10% SDS-
PAGE and then blotted onto polyvinylidene difluoride
(PVDF) membranes. Next, the transferred membranes
were blocked with 5% fat-free milk for one hour. Next,
the membranes were incubated with antibodies against
SIRT1 and PPARy or B-actin and GAPDH at 4°C
overnight. After washing, the membranes were incubated
with the second anti-mouse IgG antibody for 1hr. After
that, the PVDF membranes were incubated in an ECL
reagent and the signals thus obtained were visualized
by exposure to hyper-performance chemiluminescence
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film for 30 sec to 5 min. Finally, the proteins’ gray
intensity was measured with Image J Software.

Statistical analysis

All data are presented as mean T standard deviation
(SD). Statistical significance was determined with a
one-way analysis of variance (ANOVA) followed by
the Newman-Keuls multiple comparison test using the
SPSS statistic 19.0 (IBM, USA) software. P<0.05 was
considered statistically significant.

RESULTS
EFP improved the metabolic profiles of T2D mice

The effects of EFP on metabolic disorder wete
measured on T2D mice. As elucidated in Figure 1A,
the body weight of the T2D group was higher than
that of the control group. Also, EFP and metformin
treatment slightly decreased the body weight in db/db
mice. Also, in week 8, the levels of food intake, water
intake, and utrine volume in the EFP and metformin
groups were significantly lower than that in the T2D
group, respectively (Figure 1B-1D).

EFP improved glucose metabolism of T2D mice

The db/db mice had higher levels of fasting insulin,
glucagon, fasting blood glucose, and HbAlc than those
of the control mice (Figure 2A-2D). Eight-week-old
male mice were administered EFP and metformin for
8 weeks. As expected, EFP and metformin significantly

reduced fasting insulin, glucagon, fasting blood glucose,
and HbAlc levels in db/db mice (Figure 2A-2D).
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Figure 1: Effects of EFP on body weight and metabolic
changes in db/db mice.
(A) Body weight (A), food intake (B), water intake (C), and urine volume changes in
db/db mice and non-diabetic mice that were administered EFP for 8 weeks. All data
were expressed as mean = SD (# =6). ¥*P<0.05, **P<0.07 s T2D.
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Figure 2: Effects of EFP on glucose metabolism levels in
db/db mice.

At the end of the experiment, fasting insulin (A), glucagon (B), fasting blood glucose
(FBG, C), and glycosylated hemoglobin (HbA1lc, D) levels wete measured. Data are
mean t SD. Data were analyzed by a one-way ANOVA test. *P<0.05, **P<0.07 »s T2D.

EFP reduced lipid accumulation in the serum in
T2D mice

The effect of EFP on TC, TG, HDL-C, and LDL-C
levels is illustrated in Figure 3A-3B. Compared with
those in the control group, the TC, TG, and LDL-C
levels were significantly higher in the T2D group. In
contrast, the levels of HDL-C were significantly lower in
the T2D group. Meanwhile, EFP and metformin-treated
db/db mice demonstrated a lower TC, TG, and LDL-C
levels in serum as compated with the db/db mice. And,
we also found that a markedly increased HDL-C was
detected in EFP (400 mg/kg) and metformin groups at
the end of the experiment (Figure 3A-3B).

EFP ameliorated liver and renal function in T2D
mice

Serum ALT, AST, creatinine, and BUN levels were
higher in diabetic mice than in non-diabetic mice
(Figure 4A-4B). Moreover, urine creatinine, UA, and
U-ALB levels were also higher in db/db mice (Figure
4D-4F). After EFP and metformin administration, the
levels of ALT, AST, Scr, BUN, Ucr, UA, and U-ALB
were markedly reduced compared to the T2D group.
Taken together, these results suggested that EFP and
metformin could improve liver and renal function to
protect T2D.

EFP decreases oxidative stress in db/db mice

In the liver of db/db mice, the level of MDA
increased, and the activity of SOD, CAT, and GSH-PX
was significantly reduced (Figure 5A-5D). EFP and
metformin significantly improved the oxidative stress
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Figure 3: Effects of EFP on serum lipid profile in db/db mice
and non-diabetic mice.
(A) Serum levels of TC and TG in db/db mice. (B) Levels of LDL-C and HDL-C in
serum of db/db mice. Data are mean + SD. *P<0.05, **P<0.01 s T2D.
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Figure 4: Effects of EFP on the liver and renal function in db/
db mice and non-diabetic mice.
(A) Serum levels of ALT, AST, Scr, and BUN (B) in db/db mice. Urine levels of Uer
(D), UA (E), and U-ALB (F) in db/db mice. Data are mean * SD. *P<(.05,
#4P<0.01 15 T2D.

when compared with the T2D group. These results
showed that EFP could significantly inhibit the oxidative
stress in db/db mice.

EFP ameliorated the histopathological changes
and activated the SIRT1/PPARy pathway in the
liver of db/db mice

As shown in Figure 6A, in the control group, the
hepatocytes exhibited regular arrangement. Additionally,
the hepatocytes of the T2D group exhibited disordered
arrangement, swelling, and steatosis. Compared with the
T2D group, the swelling and steatosis of the hepatocytes
were significantly alleviated in the EFP and met groups.
In both g-PCR and western blot results, SIRT1 and
PPARy expression levels were significantly reduced
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Figure 5: Effects of EFP on the hepatic oxidative stress in
db/db mice and non-diabetic mice.
(A) liver levels of malondialdehyde (MDA), (B) superoxide dismutase (SOD), (C)
catalase (CAT), and (D) glutathione peroxidase (GSH-Px) in db/db mice that were ad-
ministered EFP for 8 weeks. Data are mean + SD. *P<(.05, **P<0.07 »s T2D.
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Figure 6: Effects of EFP on the pathological changes and
SIRT1/PPARYy signaling pathway of the liver in db/db mice.
(A) The effect of EFP and Met on the pathological changes of liver in db/db mice.
The liver was stained with hematoxylin and eosin (magnification: X200 and %x400).
(B, C) The mRNA and protein expression levels of SIRT1 and PPARy were determined
by qPCR and Western blotting analysis, respectively. (C) The representative images and

band intensity analysis (D) are shown. Data are mean £ SD. Data were analyzed by a
one-way ANOVA test. *P<0.05, **P<0.01 vs T2D.

in the T2D group (Figure 6B-6D). EFP is effective in
increasing the mRNA and protein expression levels of
SIRT1 and PPARY, particularly in the high dose group.
Overall, activation of the SIRT1/PPARy pathway via
EFP treatment might ameliorate liver injury, which in
turn alleviated the features of T2D.
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DISCUSSION

Type 2 Diabetes mellitus (DM) is increasing in
prevalence at a worrying rate with hyperglycemia and
hyperlipidemia.”> Hyperglycaemia and hyperlipidemia
also resulted in hepatic oxidative stress, hepatocyte damage,
macrovasculat, microvascular endothelial cell injury,***
and chronic inflammatory tesponse.> Our results
displayed EFP with an anti-diabetogenic therapeutic
effect, which was through alleviating metabolic disorder,
improving glucose metabolism, insulin sensitivity, and
hepatorenal function. Besides, EFP ameliorated hepatic
oxidative stress and facilitated hepatic lipid metabolism.
Thus, resulting in the reduction of liver pathology
lesions in this study.

In addition, hyperglycemia promoted hepatic oxidative
stress, which resulted in the accumulation of lipid
peroxidation product in T2D mice livers. Moreover,
EFP enhanced the hepatic antioxidative function
through up-regulating the expression of antioxidant
enzymes, including CAT, SOD, GSH-Px in this study.
Importantly, these medicinal effects of EFP coincided
with Gyurko e a/* Studies of Pan ¢t al,”” and Ferré
et al.* demonstrated that the protein PPARy engaged in
promoting fatty acid oxidation and inducing adiponectin
secretion to enhance insulin sensitivity, and eventually,
promoting glucose utilization. Hence, our further study
can investigate the effects of EFP in adiponectin change
of T2D mice. In addition, studies also confirmed SIRT1
to be a potential therapeutic target in T2D.**" For SIRT1
and PPARy played crucial roles in reducing inflammation
and mitochondrial oxidative stress to ameliorate insulin
resistance and protect pancreatic 3 cells. Therefore,
the proteins of SIRT1 and PPARy may be potential
pharmacological therapeutic targets for treating T2D.
As expected, EFP relieved liver oxidative stress by
up-regulating the expression of SIRT1 and facilitating
lipid esterification through activating the transcriptional
factor PPARy. However, a recent study also showed that
EFP not only ameliorated lipid metabolic disorders but
also regulated hepatic inflammation response.” Hence,
it’s also necessary to further investigate the therapeutic
effects of EFP in mediating gut microbiota to shape
T2D. Taken together, in this study, we found EFP
ameliorated metabolic disorder in type 2 diabetic mice.

CONCLUSION
EFP might ameliorate metabolic disorder and
hyperglycemia-mediated  hepatic  oxidative  stress

through activating the SIRT1/PPARy pathway in the
liver of type 2 diabetic mice.
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total cholesterol; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol;
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fasting serum insulin; RIA: radio-immunoassay; HE:

hematoxylin and eosin; MDA: malondialdehyde;
SOD: superoxide dismutase; CAT: catalase; GSH-Px:
glutathione  peroxidase; PVDF:  polyvinylidene

difluoride; SD: standard deviation; ANOVA: one-way
analysis of variance; DM: Diabetes mellitus.
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SUMMARY

The objective of the present study was to investigate
the effects of Epimedii folium polysaccharide (EFP)
in db/db mice with spontaneous glucose metabolic
disorder. The results showed that administration of
EFP significantly ameliorated the metabolic disorders
and reduced the amount of MDA, as well as increased
the levels of antioxidant enzymes, including SOD,
CAT, and GSH-Px. Further, EFP increased the mRNA
and protein expression levels of SIRT1 and PPARy
in the liver tissues of db/db mice. In summary, EFP
exerts the protective effect against metabolic disorder
through restoring the SIRT 1/PPARy signaling pathway.
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