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ABSTRACT

Background: Alismatis rhizome (AR) is a popular traditional Chinese
medicine, used for hyperlipidemia and diabetes in China for centuries;
Alisma polysaccharides (AP) are the bioactive components in AR.
This study investigates if glucose-lipid metabolism can be regulated
by AP via miR-126 in vivo and in vitro. Materials and Methods: The
diabetes group (diabetes mellitus) was injected intraperitoneally with
streptozotocin (35 mg/kg) for 7 days. Diabetic mice treated with AP
at an oral dose of either 400 mg/kg (high), 200 mg/kg (middle), or
100 mg/kg (low); and mice treated with pioglitazone (15 mg/kg) each day.
The hypoglycemic and hypolipidemic effects of AP were demonstrated
by measuring fasting blood glucose (FBG) levels, fasting insulin level,
total cholesterol, triglyceride, low-density lipoprotein and high-density
lipoprotein, observing insulin-sensitizing effects, and testing oral glucose
tolerance. In addition, the expression of both miR-126 and related
glucose-lipid genes in the primary hepatocytes was examined in diabetic
mice. Results: The FBG, long-term blood glucose, and the ability to resolve
blood glucose by insulin in AP groups were significantly better than that
in model group. AP could reverse the expression level of miR-126 and
genes. The addition of AP could reduce the effect of miR-126, reversing the
expression of glucose-lipid genes in HepG2 cell. Conclusion: The results
demonstrate that the expression of miR-126 can be directly decreased by
AP in diabetic mice, especially in HepG2 cell, and AP also can ameliorate
the glucose-lipid metabolism.
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SUMMARY
® The aim of the study was whether glucose-lipid metabolism can be regulated
by AP via miR-126 in vivo and in vitro. The expression of miR-126 can be

INTRODUCTION

Diabetes mellitus (DM) is a complex metabolic disorder characterized by
chronic hyperglycemia, which was caused by defecting insulin secretion
and resistance."’ Sustained hyperglycemia might ultimately result in
chronic damage and dysfunction of various organs with DM, which causes
serious damage to human physical and mental health.” Currently, DM
and its complications have become one of the major diseases that threaten
human health, and the mortality rate is only second to that of cancer and
cardiovascular disease.”” Therefore, it becomes urgent to prevent and treat
diabetic patients effectively. At present, western medicine, such as insulin
and hypoglycemic agents, are frequently used for clinical treatment for DM
with certain therapeutic effect and still exist some problems, such as low
curative effect, low tolerability, and big side effects.”’ However, traditional
Chinese medicine (TCM) has distinct characteristics and advantages on
DM treatment, with the mild lasting effect, small side effects, and multiple
components, multiple targets, and multiple effect mechanism.

Alismatis rhizome (AR, named Zexie in China), the dried rhizome of
Alisma orientalis (Sam.) Juzep, is a popular TCM. The Latin name is
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directly decreased by AP in diabetic mice, especially in HepG2 cell, and AP
also can ameliorate the glucose-lipid metabolism.

Polysaccharides extracted
from Alismatis rhizome
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Abbreviations used: DM: Diabetes mellitus; TCM: Traditional Chinese
medicine; AOP: Alisma orientalis polysaccharide; ISI: Insulin sensitivity
index; FBG: Fasting blood glucose; FINS: Fasting insulin level; GSP:
Glycated serum protein; OGTT: Oral glucose tolerance test; HbA1lc:
Glycosylated hemoglobin; TC: Serum total cholesterol; TG: Triglyceride;
LDL: Low-density lipoprotein; HDL: High-density lipoprotein; gPCR:
Quantitative polymerase chain reaction.
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Alisma plantago-aquatica L. Var. Orientale Samuels. It has been used
for diuretics and some symptoms of hyperlipidemia and diabetes
in China for centuries,*! which was first recorded in “Shen Nong’s
Herbal Classic” (Shennong Ben Cao Jing). It is officially listed with the
identification code of 0212 in Pharmacopoeia of the People’s Republic
of China (2015), which states the effects of AR as removing dampness,
promoting diuresis, purging heat, and reducing lipid.® Many modern
pharmacological studies have revealed not only the diuretic activity"”*!
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but also the activities of antihyperlipidemic,” antiatherosclerosis,"
nephroprotective,'!! immunoenhancing,"” antidiabetic,* anticancer,"
and anti-inflammatory."! Chemical and pharmacological researches
have shown that terpenoids and polysaccharides are the principal
bioactive components in AR, and especially polysaccharide have been
reported to have important bioactivities, including hypoglycemic
effects.['*'?) The mechanism of action of AP has not been fully elucidated,
although some useful studies about hypoglycemic activity of AP have
been performed. Therefore, it is of utmost importance to elucidate the
underlying mechanisms of AP.

The microRNAs (miRNAs) are short, noncoding, single-stranded RNAs
with a size of 19-25 nucleotides, which are significantly involved in the
development of many types of human diseases.??! Since the discovery
of miRNAs, an increasing number of them have been found involved in
DM pathogenesis.**! Dysregulation of miRNA can lead to profound
impairment of glucose and lipid metabolism.**”) miRNA expression
profiles of various tissues from T2DM patients or hyperglycemia animal
models have been established in recent years and make it easier to
uncover novel miRNA regulators in diabetes. Recent studies have shown
that miR-126 is associated with glucose and lipid metabolism, which
can control the insulin signaling pathway.?®! The 12 genes are detected
in this study; PEPCK and G6Pase are the key genes in glycosylation.
FAS, SREBP-1C, SREBP-2, and DGAT?2 are the key genes to regulate
the biosynthesis of fatty acids and triglycerides (TGs) involved in lipid
metabolism. adenosine 5‘-monophosphate (AMP)-activated protein
kinasea (AMPKa) and peroxisome proliferators-activated receptora
(PPARa) may regulate glucose and lipid metabolism. IRS-1, IRS-2,
protein kinase B (AKT), and PI3K are required for glucose metabolism.?*!

This study mainly aims at assessing the hypoglycemic and
antihyperlipidemic effect of AP on glucose and lipid profiles in DM rats
to confirm and explore their action mechanism in treating DM.

MATERIALS AND METHODS

Plant material and extraction

AR (the batch number is ECN000137), purchased from Bozhou, Anhui, in
China, was used for isolation of AP. Their botanical origins were identified
by Prof. Jinao Duan (Nanjing University of Chinese Medicine, Nanjing,
China). The six AR materials (300 g) were extracted twice with water (2:L)
for 2.5 h at 100°C. The combined extracts were concentrated to 250 mL
using a rotary evaporator (BC-R203, Shanghai Biochemical Equipment
Co., Shanghai, China) at 65°C under vacuum. The proteins in the extract
were removed by Sevag reagent (The preparation for Sevag reagent:
500 mL trichloromethane and 100 mL n-butanol were measured and then
fully mixed and sealed).” After removal of the Sevag reagent through
rotary evaporation at 30°C and then freeze-drying, 100 mL of anhydrate
ethanol was added before the mixture was maintained overnight at 4°C to
precipitate polysaccharides. The crude polysaccharides (25 g) were obtained
by centrifugation at 3860 g for 15 min.***!! The content of AP determined
by sulfuric acid-phenol method was 68%.

Chemicals and reagents

Pioglitazone hydrochloride tablets (Batch No. 9906281) were
purchased from Jiangsu Hengrui Medicine Co., Ltd (Jiangsu, China).
Streptozotocin (STZ) was obtained from Sigma Aldrich Chemical Co.,
Ltd. (St. Louis, USA). Glucose assay kit (Batch No. PTT20150909)
was purchased from Nanjing Spring and Autumn Biological
Engineering Co., Ltd (Jiangsu, China). Glycated serum protein (GSP),
glycosylated hemoglobin (HbAlc), total cholesterol (TC), TG,
low-density lipoprotein (LDL), test kits were purchased from
Nanjing Jiancheng Bioengineering Institute (Jiangsu, China).
Insulin ELISA assay kit and glucagon kit were obtained from
Beijing North Biotechnology Research Institute (Beijing, China).
Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum
(FBS), penicillin, and streptomycin were obtained from Gibco
Invitrogen (Carlsbad, CA, USA). The primary antibodies against
triphosphopyridine nucleotide oxidase 1 (NOX1), NOX2, and NOX4,
a-smooth muscle actin, E-cadherin, fibronectin, and glyceraldehyde-
3-phosphate dehydrogenase (GADPH) were obtained from Abcam
(Cambridge, UK. Rabbit-anti-occluding, claudin-1, ZO-1polyclonal
antibody were purchased from Gibco Invitrogen (Carlsbad, CA,
USA), rabbit B-actin was purchased from Bioss Antibodies Co.,
Ltd (Beijing, China), Chemiluminescent reagent was purchased
from Thermo Fisher Scientific (Waltham, MA,USA), horseradish
peroxidase was purchased from Autumn Biological Engineering Co.,
Ltd (Jiangsu, China) and the blood sugar test paper was from Roche
Life Science (Shanghai, China).

Animal experiments

Sixty Sprague-Dawley rats (with equal ratio of male and female),
weighing 220 + 20 g, were supplied by the Experimental Animal Center
of Yangzhou University (Yangzhou, China). All animals were housed in a
well-ventilated room (5 rats in one cage) at a constant room temperature
by 25°C + 2°C and controlled humidity (50% +10%), with a standard
condition with 12:12 light/dark cycle and were in free access to chow
and water. All procedures for animal care and use were in accordance
with the National Institute of Health guidelines for the Care and Use
of Laboratory Animals. The rats were allowed to acclimatize for 7 days
before the experiments. All rats were randomly divided into six groups
of 10 rats each [Table 1].

After 7 days with free access to regular food and water, the mice were
randomly divided into two groups. The normal group was fed on regular
food. The diabetes group (DM) was injected intraperitoneally with
STZ (35 mg/kg) for 7 days. After 7 days, the rats were caudal venous
blood with fasting 12 h and the rats with fasting blood glucose (FBG)
>11.1 mmol/L were confirmed as having diabetes.’>**] Rats were then
randomly divided into five groups: diabetic mice without any drug
treatment (DM) and a continued high-fat diet; diabetic mice treated with
AP at an oral dose of either 400 mg/kg (high), 200 mg/kg (middle), or
100 mg/kg (low); and mice treated with pioglitazone (15 mg/kg) each

Table 1: Effects of AP on fasting blood glucose, fasting insulin level, insulin sensitivity index, glycated serum protein, and glycosylated hemoglobin of diabetic

rats (xxs, n=8)

Groups FBG (mmol/L) FINS (mU/L) ISI GSP (mmol/L) HbA1c (OD/10 g)
Normal 5.76£0.68** 21.51+0.82** —4.84** 1.48+0.11** 14.20+0.21**
STZ-induced DM 26.63+3.89 31.83+£3.91 —6.74 4.42+0.24 35.36+0.06
STZ-induced DM + pioglitazone (15 mg/kg) 8.91+2.96** 22.65+2.96* —5.30** 2.28+0.19** 19.28+0.12**
STZ-induced DM + AP (400 mg/kg) 12.84+7.04** 24.9242.45%* —5.76** 2.42+0.22 21.84+0.23**
STZ-induced DM + AP (200 mg/kg) 15.92+3.28* 27.18+1.87** —6.07** 2.68+0.09 21.37£0.15**
STZ-induced DM + AP (100 mg/kg) 18.67+8.23* 31.36+1.74* —6.37* 3.04£0.15 34.66+0.19

*P<0.05 and **P<0.01 versus STZ-induced DM group. STZ: Streptozotocin; DM: Diabetes mellitus; AP: Alisma polysaccharide; FBG: Fasting blood glucose; FINS: Fasting
insulin; ISI: Insulin sensitivity index; GSP: Glycated serum protein; HbAlc: Glycosylated hemoglobin
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day. After 30 days of treatment, an oral glucose tolerance test (OGTT)
was detected and fasting plasma was collected for further measurement
other biochemical assays. At the end of the study, the mice were killed
and the livers were isolated and immediately stored at 80°C until further
analysis.

Biochemical assays

After 30 days, OGTT was performed and the blood was collected from
mice which were fasted for 12 h from orbital venous plexus and plasma
was separated by centrifugation at 3000 g for 10 min. The mice were
orally given 25% glucose in water at 5 g/kg body weight after 12 h of
fasting. Blood samples were collected at 0, 30, 60 and 120 min to measure
the glucose levels through glucose oxidase method. The plasma insulin
levels were analyzed by ELISA according to the instructions. Insulin
sensitivity index (ISI) was evaluated based on glucose concentrations
and fasting insulin. Enzymatic and automatic biochemical analyzer
was used to detect FBG, fasting insulin (FINS), GSP, HbAlc, TC, TG,
LDL, high-density lipoprotein (HDL) according to the manufacturer’s
protocols of different commercial kits.

Histological evaluation

Liver was fixed in 10% neutral-buffered formalin, embedded in
paraffin wax, sectioned at 4-5 m by rotary microtome, stained with
hematoxylin-eosin, and examined by a laboratory microscope (Olympus,
Tokyo, Japan) to assess the histopathological changes.

Cell culture and transfection

Normal hepatocellular G2 was supplied by the Cell
Bank of Chinese Academy of Science and cultured in
DMEM (Gibco, Grand Island, NY, USA) combined with 10%
FBS (Gibco, Grand Island, NY, USA), and 1:100 penicillin and
streptomycin (Biosharp, Hefei, China). The cells were cultured in a
humidified chamber at 37°C with 5% Co,, and then, HepG2 was put on
the cell culture dishes. At the same time, commercial growing medium
was used to transfected HepG2 with 100 nmol of miR-126 mimic
protein/miR-126 inhibitor/miRNA negative control (GenePharma
Co., Ltd.) by which was incubated for 6 h.**! Phosphate-buffered
saline was utilized to wash the cells, and quantitative polymerase chain
reaction (QPCR) was used to analyze the expression level of miR-126.

cell

Quantitative polymerase chain reaction analysis

qPCR was performed using SYBRGreen Master Mix (SYBR Premix
Ex Tag TMIL TaKaRa Bio; http://www.takara-bio.com), according to
the manufacturer’s instructions (TaKaRa Biotechnology). qPCR was
performed using a Prism 7500 Sequence Detector (Applied Biosystems).
The thermal profile for the qRT-PCR was 2 min at 95°C followed by
40 cycles of 15 s at 95°C, 35 s at 60°C, and 5 min at 72°C. Each sample
was tested in triplicate. The primers (Invitrogen, USA) are as follows:
GAPDH: Forward, 5-GCCAAGGCTGTGGGCAAGGT-3’, Reverse,

Table 2: Effects of AP on oral glucose tolerance test of diabetic rats (x+s, n=8)

5-TCTCCAGGCGGCACGTCAGA-3’ and the DNA template was
1 pg. Relative gene expression was calculated using the formula 2744,
For normalization of gene expression, GAPDH was used as an internal
standard of mRNA expression and the normal group was used as a
reference sample, which was set to 1.

Western blotting

The total protein was extracted from cell extracts using RIPA lysis
buffer (Beyotime Institute of Biotechnology, China) following the
manufacturer’s instructions. Protein concentrations were determined
with the bicinchoninic acid protein assay kit. Equal amounts of protein
were separated by dodecyl sulfate, sodium salt-polyacrylamide gel
electrophoresis (Nanjing Keygen Biotech Co., Ltd.) and transferred to
polyvinylidene fluoride membranes. Membranes were incubated overnight
at 4°C with primary antibodies: IRS-1, IRS-2, AKT, PI3K, AMPKao,
PPARa, PEPCK, G6Pase, Fas, SREBP-1C, SREBP-2, and DGAT?2 (1:1000,
Epitomics, USA) and then washed and incubated with horseradish
peroxidase-conjugated secondary antibodies. The immunoreactive bands
were visualized by enhanced chemiluminescence reagents (BioWorld,
USA) and were then quantified by densitometric analysis.

Statistical analysis

All experimental results were expressed as mean + standard deviation
and analyzed by SPSS 19.0 software (SPSS, Inc., Chicago, IL,USA).
Statistical significance of all data was determined using t-test and
one-way ANOVA. P < 0.05 was considered statistically significant.

RESULTS

Effects of AP on glucose metabolism in diabetic rats

AP and pioglitazone groups could lower FBG levels, FINS, GSP, and
HbAlc compared to that in STZ-induced DM group, and the effect was
best in the highest dose of AP compared to middle and low dose of AP.
Furthermore, AP treatment may increase the level of ISI in diabetic rats
[Table 1]. The effect of AP treatment in high- and middle-dose group was
significantly improved (P < 0.01). The OGTT of diabetic rats is shown in
Table 2; the blood glucose levels in DM group were significantly higher
than that in normal group.

Effects of AP on lipid metabolism in diabetic rats

As shown in Table 3, the effect of AP on lipid profiles was analyzed. TG,
TC, and LDL were significantly decreased in AP group, compared to
that in STZ-induced DM group. However, the HDL level was reversed.
As shown in Figure 1, the livers of DM animals exhibited cell swelling,
vacuolation, and infiltration of lymphocytes. AP treatment could
significantly reduce the phenomenon, which means that AP can decrease
the accumulation of liver tissues resulted from DM and can have the
effect of protecting the livers.

Group Glucose (mmol/L) Area under
0 min 30 min 60 min 120 min Sl e L
Normal 5.76+0.68** 9.73£1.65** 8.84+1.57** 5.95+0.35** 15.91+0.78**
STZ-induced DM 26.63+3.89 32.08+3.27 31.57+4.96 29.38+2.67 61.07+1.43
STZ-induced DM + pioglitazone (15 mg/kg) 8.91+2.96** 29.87+2.69 25.82+2.78%* 13.26£2.72** 43.16+£1.98*
STZ-induced DM + AP (400 mg/kg) 12.84+7.04** 31.56+1.89 25.64+2.43* 15.334£2.12** 45.39+£3.42%*
STZ-induced DM + AP (200 mg/kg) 15.9243.28** 30.75+3.15 30.45+2.01 27.45+2.45* 54.76+3.28
STZ-induced DM + AP (100 mg/kg) 18.67+8.23** 31.43+2.83 30.06+5.12 27.66+2.98 56.92+2.19

*P<0.05 and **P<0.01 versus STZ-induced DM group. STZ: Streptozotocin; DM: Diabetes mellitus; AP: Alisma polysaccharide
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Table 3: Effects of Alisma polysaccharide on triglyceride, total cholesterol, low-density lipoprotein, and high-density lipoprotein

Group TG (mmol/L) TC (mmol/L) LDL (mmol/L) HDL (mmol/L)
Normal 0.85+0.10** 1.64+0.28** 0.67+0.23** 1.11+0.21**
STZ-induced DM 2.01+0.15 4.06+1.19 6.11+1.42 0.64+0.45
STZ-induced DM + pioglitazone (15 mg/kg) 1.09+0.08** 2.3840.58* 5.53£2.82%* 0.95+0.31**
STZ-induced DM + AP (400 mg/kg) 1.11£0.04** 2.85+0.51** 2.96+2.68** 0.94+0.18**
STZ-induced DM + AP (200 mg/kg) 1.38+0.05** 3.13+0.25** 4.08+2.48** 0.86+0.23*
STZ-induced DM + AP (100 mg/kg) 1.94+0.11 3.49+0.63 5.67+3.19* 0.87+0.33*

*P<0.05; **P<0.01 versus STZ-induced DM group. STZ: Streptozotocin; DM: Diabetes mellitus; AP: Alisma polysaccharide; TG: Triglyceride; TC: Total cholesterol;

LDL: Low-density lipoprotein; HDL: High-density lipoprotein

PELX

T a!x‘ﬁs@;\‘t 3
LR
I AN

Figure 1: Effect of AP on the histological morphology of livers by hematoxylin-eosin staining. (a) control, (b) model, (c) pioglitazone, (d) AP (400 mg/kg), (e)

AP (200 mg/kg), (f) AP (100 mg/kg)
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Figure 2: The relative expression of miR-126 in six groups in serum (a) and liver tissue (b)

Effects of AP on miR-126 in diabetic mice

qPCR was used to detect miR-126 levels in serum and liver tissue. The
results showed that after treatment with AP, the expression of miR-126
levels was obviously lower than those in the DM group. These findings
indicated that AP could ameliorate glucose-lipid metabolism through
regulating the expression level of miR-126 in the diabetic mice [Figure 2].

Effects of AP on downregulation of miR-126 related
to glucose-lipid metabolism

As shown in Figure 3, western blot was used to detect the protein
expression level of the genes related to glucose and lipid metabolism

Pharmacognosy Magazine, Volume 15, Issue 65, October-December 2019

affected by AP. This result indicated that AP can upregulate the expression
of IRS-2, AKT, and AMPKa, reducing the protein expression of PEPCK
and G6Pase, PPARq, FAS, and SREBPs.

Western blot was used to analyze the treatment of HepG2 cell with
miR-126 in the presence of miR-126 inhibitor or mimic protein. As
shown in Figure 4, the miR-126 inhibitor could inhibit the expression
of PEPCK, G6Pase, SREBP-1C, FAS, and DGAT?2, while enhancing the
expression of IRS-2 and AMPK. The expression of PEPCK and G6Pase
was significantly increased by the presence of a miR-126 mimic, whereas
AP treatment could abolish this activation.
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Figure 3: The protein expression of the genes related to glucose and lipid metabolism affected by AP in the liver
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Figure 4: Effect of AP on miR-126 in the protein expression of the genes related to glucose and lipid metabolism

DISCUSSION

Our work is the first study to comprehensively and systematically explore
the effect of AP on miR-126 in diabetic mice. The results showed that the
contents of FBG, FINS, GSP, and HbAlc in STZ-induced DM group were
significantly higher than that in normal and AP group and the contents
of these four indexes were lowest in normal group compared to other

656

groups, while AP treatment can significantly increase the level of ISI
compared to STZ-induced DM group. The OGTT level in AP treatment
was lower than that in STZ-induced DM group, while the OGTT level
in group normal was the lowest. AP also can significantly reduce the
contents of TC, TG, and LDL compared to STZ-induced DM, and it had
an obvious quantitative effect relationship. Furthermore, the contents of
TC, TG, and LDL in normal group were significantly lower than that in
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AP treatment group, but the content of HDL was reversed. According to
the histological findings, the AP treatment could ameliorate livers of DM
animals with cell swelling, vacuolation, and infiltration of lymphocytes.
Therefore, AP could significantly reduce the blood glucose and regulate
blood lipids, improving the disorders of glucose-lipid caused by
hyperglycemia.

AP can upregulate the expression of IRS-2P* and AKT®! to promote
the utilization and intake of glucose, reducing gluconeogenesis to
regulate and improve the disorder of glucose metabolism in the liver.
AP treatment may reduce the protein expression of PEPCK and G6Pase
to restrain gluconeogenesis,**** upregulating the expression of AMPKo
to decrease the expression of downstream genes, including PPARa, FAS,
and SREBPs, reducing the synthesis of fatty acid glycerin, triglycerin,
and cholesterol in the liver.

The miR-126 inhibitor can inhibit the expression of miR-126, whereas
miR-126 mimic could enhance the expression of miR-126. AP
treatment could reduce the expression of PEPCK and G6Pase to restrain
gluconeogenesis. The expression of AMPK was decreased with miR-126
mimic while AP treatment could active the expression, which indicated
that AP treatment can activate the AMPK phosphorylation of energy
metabolism. The expression of IRS-2 was decreased with a miR-126
mimic, whereas AP treatment could increase the expression level of
IRS-2 to promote the utilization and intake of glucose in the liver,"”
improving the glucose metabolism. The expressions of SREBP-1C, FAS,
and DGAT2M" were significantly increased with a miR-126 mimic,
while AP treatment could reduce this activation to improve the lipid
metabolism.

Although the role of miRNA in glucose-lipid metabolism disorders
has been researched, it is not clear that if miR-126 is associated with
glucose-lipid metabolism in diabetic mice. In this study, we found that the
expression level of miR-126 was increased in diabetic mice. In contrast,
AP could significantly decrease the expression of miR-126. Furthermore,
to demonstrate that AP can regulate genes related to glucose-lipid
metabolism directly through miR-126, the results indicated that AP
could eliminate the regulation of miR-126 mimic in genes associated with
glucose-lipid metabolism in HepG2 cell. This was a new mechanism for
AP action in the regulation of glucose-lipid metabolism. Therefore, AP
can directly decrease the expression of miR-126 in diabetic mice and in
HepG2 cell, affecting glucose-lipid metabolism in the liver.

CONCLUSION

In conclusion, we found that AP could downregulate the level of
miR-126 in serum and liver of diabetic mice, regulating glucose-lipid
metabolism in diabetic mice. Furthermore, AP could directly impact the
expression level of miR-126 for glucose-lipid metabolism in HepGz2 cell.
Our study also provides a potential therapeutic application of Alisma
polysaccharide in DM.
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