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5rolGLP-HV is a promising dual-function peptide for the treatment of diabetes and thrombosis simultaneously. For
investigating the therapeutic mechanism of 5rolGLP-HV for type 2 diabetes mellitus (T2DM), STZ-induced diabetic mice
were established and treated with 5rolGLP-HV. The results showed that daily water and food intake, blood glucose, serum
and pancreatic insulin levels significantly decreased after 5rolGLP-HV treatment with various oral concentrations, and 16
mg/kg was the optimal dose for controlling diabetes. 5rolGLP-HV treatment decreased the MDA levels and the T-SOD
activity in serum and pancreatic of diabetic mice (but not up to significant difference), and significantly increased the
expression of signal pathways related genes of rolGLP-1, also the density of insulin expression and the numbers of
apoptosis cells in islets of diabetic mice were significantly decreased in comparison to the negative diabetic mice. These
effects above may be clarified the hypoglycemic mechanisms of 5rolGLP-HV, and 5rolGLP-HV may be as a potential drug
for diabetes in future.

Keywords. 5rolGLP-HV; hypoglycemic mechanisms; optimal dose; T2DM

Abbreviations: FBG, fasting blood-glucose; HV, hirudin; MDA, malondialdehyde; rolGLP-1, recombinant oral long-
acting GLP-1; STZ, streptozotocin; T2DM, type 2 diabetes mellitus; T-SOD, total superoxide dismutase

1. Introduction

Diabetes mellitus (DM) is a serious systematic metabolic dis-
ease characterized by variable degrees of insulin resistance and
b-cell dysfunction, insulin deficiency, and persistent hyper-
glycemia in diabetes is a major factor in developing the serious
pathological complications that accompany this disease, such
as cardiovascular disease (Thomas et al. 2009; Honardoost
et al. 2014; Turner et al. 2016). Type 2 diabetes mellitus
(T2DM) has increased dramatically and it accounts for 90–95%
of all diabetes (Moller 2001). The pathophysiology of T2DM is
a complex process and b-cell function is decreased by about
75% when fasting hyperglycaemia is present in patients with
T2DM (Kim and Caprio 2011; Coskun and Bolkent 2014).
Because of the rapidly prevalence and strongly associated with
enormous social and economic burden of T2DM, assessment
of b-cell function in individuals at risk of developing diabetes
has been of interest and substantial efforts to understand the
pathophysiology and develop new preventive and therapeutic
approaches for T2DM has been made in recent years (Kahn
et al. 2006; Garcia-Jimenez et al. 2016a; Kwak and Park 2016;
Turner et al. 2016).

However, treatment of hyperglycemia in T2DM is usually
with oral antidiabetic drug monotherapy, initially. Following
the disease progresses, many complications such as cardio-
vascular diseases would appeared. In order to reduce cardio-
vascular morbidity and mortality, multitargeted treatment,
including antihypertensive, lipid-lowering and antiplatelet
drugs, is employing in T2DM patients. Thus, this patient group
is at an increased risk of harmful drug–drug interactions (DDIs)
(Tornio et al. 2012). 5rolGLP-HV is a fusion peptide that
combined functions of rolGLP-1 and rHV. Treatment of
5rolGLP-HV significantly decreased the levels of blood glu-
cose in diabetes mice and delayed the formation of thrombus in
thrombosis mice (Ni et al. 2016c). In addition, oral adminis-
tration of 5rolGLP-HV significantly elevated HOMA-IR but
decreased HOMA-IS and HOMA-b, which implied that the
islet function and glucose tolerance were impaired in saline
solution-treated diabetic mice (Ni et al. 2016a, d). The oral
dose of 5rolGLP-HV was selected following the pharmacoki-
netics of rolGLP-1 (Ma et al. 2014). The toxicity study of
5rolGLP-HV was thoroughly investigated and clearly demon-
strated the safety of 5rolGLP-HV (Ni et al. 2016b). Although
5rolGLP-HV is a promising drug in treating diabetes and its
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complication of thrombus in the future, the molecular mecha-
nisms underlying the hypoglycemic effect of 5rolGLP-HV
remain unclear. The aim of this analysis was to evaluate the
potential mechanisms of 5rolGLP-HV to treat T2DM by ana-
lyzing the signaling pathways of 5rolGLP-HV, decreasing the
expression of insulin in islet b cells and restraining apoptosis
and oxidation resistance of 5rolGLP-HV in STZ-induced dia-
betic mice model.

2. Materials and methods

2.1 Animals and treatment

Male C57/BL mice, 3 weeks of age, specific pathogen free
(SPF), were used in this experiment. They were purchased
from Laboratory Animal Center of the Academy of Military
Medical Sciences of China. The animals were acclimated to
the housing environment for 7 days and were fastened
overnight before being used. Mice were housed in a tem-
perature and humidity controlled room (21 ± 2�C, 50 ±

20%) with a 12-h light/dark cycle. The mice were provided
free access to water and food. After a week of adaptive
feeding, the mice were randomly divided into normal control
group and diabetic group. The diabetic models were devel-
oped using a high-fat diet (HFD) for 4 weeks and the normal
control groups were given a standard diet (STD). High fat
diet consisting of 60% standard diet, 15% lard, 15% sucrose,
5% whole milk powder and 5% yolk.

The experiments were approved and supervised by the
Institutional Animal Care and Use Committee of Nankai
University. All efforts were made to minimize the number of
animals used.

Numerous researchers have reported that STZ was widely
used to induce the diabetic animal models (Cemek et al. 2008;
Gürpınar et al. 2010; Szkudelski 2001). C57BL/6 J mice were
intraperitoneally injected with STZ (Sigma, USA) after 4 weeks
of dietary intervention to get the diabetes mice model. The STZ
was dissolved in citrate buffer (pH=4.5) at a dose of 50 mg/
kg/day for four consecutive days to induce hyperglycemia, while
control group was fed standard chow and injected with the equal
volume of citrate buffer vehicle alone. One week after injection,
the blood was collected from the tail vein to determine the glu-
cose level by using GlucoLeaderTM Enhance GlucoseMeter and
test strips (HMD BioMedical Inc., Hsinchu, Taiwan). Mice
whose fasting blood glucose levels were greater than 11.1 mM
were considered tobe type2diabetesmellitus and selected for the
study. The diabetesmicewere fed on the high-glucose-fat diet for
another aweekand, then all the normal controlmiceweredivided
into 2 groups and diabetic mice were divided into 5 groups,
randomly. They were list as below:

Group 1 (normal control?saline solution), was treated
with saline solution solution in a matched volume;

Group 2 (normal control?5rolGLP-HV), receiving
5rolGLP-HV in a matched volume;
Group 3 (negative diabetic control?saline solution), was
treated with saline solution in a matched volume;
Group 4, Group 5, Group 6 and Group 7 (dia-
betic?5rolGLP-HV) were orally given different dose of
5rolGLP-HV (8, 16, 32, 64 mg/kg), respectively.

All animals were given orally once daily for 3 weeks.
Food and water intake, and body weight was measured daily
throughout the study. Blood samples were collected from tail
vein and fasting blood glucose (FBG) was monitored after
12 h fasting by a blood glucose meter (ONETOUCH
UltraEasy, Johnson Medical Devices Co.,Ltd.) before treat-
ment once a week throughout the experimental period.

2.2 Collection of blood and tissue samples

Mice were sacrificed by cervical dislocation at the end of study.
Blood samples were collected from the orbital, allowing to clot
on ice and subsequently subjected to centrifugation (3500 rpm
at 4�C for 10 min). The serum and plasma samples were stored
at -80�C for further analysis. Fasting serum insulin was
measured with ELISA kits according to the manufacturer’s
recommendations. Dissecting the mice and isolating the pan-
creatic. Small piece of pancreatic (from the tail of the pancreatic
to the middle of the body of the pancreatic) was cut and fixed
in 10% neutral formalin solution, dehydrated in a graded series
of ethanol, and embedded in paraffin. After fixation and
embedment, the tissues were sectioned to a thickness of 5 lm
for immunohistochemical and apoptosis staining in order to
assess the expression of insulin and the numbers of apoptosis
cells in islets by optical microscopy. Remaining portion of
pancreatic were stored at -80�C for further analysis.

2.3 Lipid peroxidation and T-SOD activity detection

At the end of study period, lipid peroxidation was carried out
by measuring the content of malondialdehyde (MDA) in the
serum and pancreatic by a MDA assay kit (Jiancheng, China)
according to the manufacturer’s recommendations. The activity
of antioxidant enzyme which determined by total superoxide
dismutase (T-SOD) in serum and pancreatic were determined
by using a T-SOD assay kit (Jiancheng, China) according to the
manufacturer’s recommendations (Zhou et al. 2015).

2.4 Assessment of serum and pancreatic insulin
contents

Pancreatic insulin was extracted by an acid/ethanol method
as previously described (Noh et al. 2013). The pancreatic
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insulin contents were determined using an ELISA kit
(KENGEN, China) and normalized by protein content. The
serum insulin contents were determined using an ELISA kit
according to the manufacturer’s recommendations.

2.5 Analysis of gene expression by reverse
transcriptase-polymerase chain reaction (RT-PCR)

Total RNA was isolated from the pancreatic using TRIzol
reagent (Takara, Japan) following the protocol provided by
the manufacturer. RNA samples were stored at -80�C until
analysis. Single stranded complementary DNA (cDNA)
was synthesized from 5 lg of total RNA using M-MLV
reverse transcriptase (RT) (Takara, Japan) and oligo(dT)15-
primers. Real-time PCR was carried out using SYBR Pre-
mix Ex TaqTM II (29, Takara, Japan). Each reaction
mixture with a total volume of 20 ll contained 20 ng of
cDNA, 10 ll of SYBR Premix Ex TaqTM II (29), 5 lM of
each primer. The thermo-cycle program was set as follows:
95 �C for 30 s followed by 45 cycles of 95�C for 15 s, 60�C
for 20 s, and 72 �C for 20s, melting at 60–95�C. The rel-
ative gene expression levels were calculated by the 2-DDCt

method and all the target genes were corrected by nor-
malization to the expression levels of the housekeeping
gene b-actin. Details of the primers for the target gene were
listed in table 1.

2.6 Immunohistochemistry and neogenesis
examinations of islets

The paraffin embedded sections were de-paraffinated in
xylene and rehydrated in series of graded ethanol. The
deparaffinized sections were performed to microwave antigen
retrieval in Tris-EDTA buffer solution (pH 8.0) for 20 min
after boiling of the solution. Cooling the sections to room
temperature, and treating them with 3% H2O2 for 10 min to
block endogenous peroxidase activity. The sections were
incubated with primary antibody of rabbit monoclonal insulin
antibody (Abcam, USA) at a dilution of 1:64000 for overnight

at 4�C. Subsequently, detected using a one-step immunohis-
tochemistry kit (Sungene, China). Finally the sections were
observed with a light microscope. A negative control was
performed with the absence of primary antibody. The apop-
tosis of islets cells were determined by the terminal
deoxynucleotidyl transferase (Tdt) mediated dUTP (TUNEL)
staining kit (Beyotime, China) according to the manufac-
turer’s instructions. The negative control sections were pre-
pared by substituting Tdt enzyme with distilled water.

2.7 Statistical analysis

The values were presented as mean ± standard deviation
(SD). Student’s t-test was used to determine differences
between two groups. Multiple groups were compared by
ANOVA with Dunnett’s pair-wise comparisons. The p\0.05
and p\0.01 were considered as statistical significant and
dramatically significant, respectively.

3. Results

3.1 Construction of diabetic mice model

After two weeks of STZ-injection, the body weight of diabetic
mice were significant increase compared to the control group
(18.88±0.28 g vs. 23.08±0.21 g, p\0.05) (figure 1 a), while
the average daily food intake and water intake were increased
significantly compared to the control mice (3.63±0.53 g/d vs.
2.85±0.32 g/d, p\0.05 and 14.30±1.42 ml/d vs. 4.60±0.25
ml/d, p\0.01) (figure 1 b, c). The blood glucose of diabetic
mice also exhibited much higher than the control (24.66±4.57
mmol/L vs. 6.03±0.70 mmol/L, p\0.01) (figure 1d).

3.2 Bioactivity of 5rolGLP-HV in diabetic mice

To obtain the optimal oral dose of 5rolGLP-HV, four dose of
8, 16, 32 and 64 mg/kg body weight were selected for
treatment of diabetic mice.

Table 1. Summary of quantitative real-time PCR (qRT-PCR) primers

Gene Forward Sequence Reverse Sequence

GLP-1R 50-TTGGCTTCAGACACTTGCAC-30 50-CCATCCCACTGGTGTTGC-30

PKA 50-GTTATTCAGCAAGGTGATGAAGG-30 50-TGGCTGCTCTGGGTGTTC-30

PI3K 50-CAAAGCCGAGAACCTATTGC-30 50-GGTGGCAGTCTTGTTGATGA-30

Akt 50-CCGCTATTATGCCATGAAGA-30 50-TGTGGGCGACTTCATCCT-30

MEK 50-TCCGAGAGAAGCACCAGATCA-30 50-TAATCTCCCCGCGAGAGTTCA-30

ERK 50-GGTTGTTCCCAAATGCTGACT-30 50-CAACTTCAATCCTCTTGTGAGG-30

b-actin 50-TGTTGTCCCTGTATGCCTC-30 50-TAATGTCACGCACGATTTCC-30
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Compared to the normal control, the body weight of
diabetic mice was significant decreased during treatments
period (p\0.01). The body weight during the treatment
within groups exhibited a tendency of increase but had no
significant difference compared to the diabetic mice treated
with saline solution (table 2).

After 3 weeks of treatment of 5rolGLP-HV, the average
daily food intake and water intake were all significantly
decreased (p\0.05) within all the groups compared with
those before undergoing therapy, while there was no sig-
nificant change before and after the treatment in normal
control groups and negative diabetic control (table 2). After
1-week treatment of 5rolGLP-HV, the descend range of
average daily food and water intake presented dose-depen-
dent of different oral doses (table 2). During 2 and 3 week’s
treatment, the oral dose at 16, 32 and 64 mg/kg body weight
had similar treatment effects, and better than the dose of 8
mg/kg. However, the optimum dose of 5rolGLP-HV was 16
mg/kg.

The fasting blood glucoses (FBG) of mice was examined
once a week. Similar to the changes of daily food and water
intake, the average FBG of negative diabetic mice all sig-
nificantly increased during treatment period. After 1-week
treatment, the decrease range of FBG also presented dose-
dependent of different oral doses (table 2). Although the
level of FBG among 16, 32 and 64 mg/kg all significantly
decreased compared to negative diabetic group, and their
hypoglycemic effects were better than 8 mg/kg, the treat-
ment effects were even poorer at the higher doses after
3-week treatment. There was no significant change during
the treatment of normal control groups and negative diabetic
control (table 2). The results showed that 5rolGLP-HV oral

dosage of 16 mg/kg was optimal for maintaining glucose
level in diabetic mice.

After 3-week treatment caused the serum insulin level of
negative diabetic mice a significant increase in comparison
to the normal control (11.49±1.63 mU/L vs. 2.47±0.33 mU/
L, p\0.01). 5rolGLP-HV treatment decreased the insulin
level significantly within all the groups compared to the
negative diabetic mice, and the best oral dose of improving
hyperinsulinemia was 16 mg/kg (table 3). Similar to the
insulin change in serum, the insulin level in the pancreatic of
negative diabetic mice increased significantly compared to
the normal control (0.20±0.017 mU/g prot vs.
0.033±0.0055 mU/g prot, p\0.01). Treatment of 5rolGLP-
HV significant decreased the insulin level were all within all
the groups compared with negative diabetic mice (p\0.05),
and their therapeutic effects almost the same (table 3).

3.3 Effects of 5rolGLP-HV on MDA content and SOD
activity in serum and pancreatic

The lipid peroxidation was determined by assessing the
content of malondialdehyde (MDA) and the activity of
antioxidant enzyme was determined by detecting the total
superoxide dismutase (T-SOD) in serum and pancreatic of
mice. As shown in figure 2, the concentration of MDA in
serum and pancreatic in diabetic mice which treated with
saline solution were significant increase compared with
normal control group (15.37±1.80 nmol/ml vs.8.35±1.20
nmol/ml and 5.99±0.57 nmol/mg prot vs. 1.91±0.68 nmol/
mg prot, p\0.05). The MDA content in serum and pancre-
atic of diabetic mice all decreased after treatment with
5rolGLP-HV, but there were no statistical differences. Sim-
ilar to the changes of MDA, the activity of T-SOD showed a
significant decrease in the diabetic untreated group com-
pared to those of the normal control group (155.7333±12.43
U/ml vs. 105.50±8.97 U/ml and 227.05±15.45 U/mg prot
vs. 115.41±22.77 U/mg prot, p\0.05). Oral administration
of 5rolGLP-HV to diabetic mice decreased the SOD activity
compared to the diabetic mice which treating with saline
solution. The content of MDA and the activity of T-SOD in
normal mice which oral administration of 5rolGLP-HV were
in the normal range all the time.

3.4 Effects of 5rolGLP-HV on signaling pathway
related genes expression in pancreatic

The present study measuring the effects of 5rolGLP-HV on
the expression of several genes involved in the signal
pathways of rolGLP-1 to play its physiological effect in
pancreatic. As shown in figure 3, diabetes led to a down-
regulation of several rolGLP-1 signal pathway related genes:
GLP-1R, PI3K, Akt, MEK and ERK compared with normal

Figure 1. Changes of body weight (a), water intake (b), food
intake (c) and blood glucose (d) of C57BL/6J mice after model
construction. #, p\0.05 vs. control mice, ##, p\0.01 vs. control
mice.
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control. There was a decreased tendency of PKA in the
diabetic mice, although this did not reach statistical signifi-
cance. After treated by 5rolGLP-HV at an oral dose of 16
mg/kg for 3 weeks, the mRNA levels of GLP-1R, Akt, MEK
and ERK were significantly increased versus diabetic mice
which treated with saline solution (figure 3), and PKA, PI3K
was higher (although not significantly) in 5rolGLP-HV-
treated group than the diabetic mice treated with saline
solution. These results showed that 5rolGLP-HV play its
hypoglycemic action by various signal pathways in
pancreatic.

3.5 Effects of 5rolGLP-HV on insulin secretion
and apoptosis of islets cells

Immunohistochemistry was used to analysis of pancreatic
islets at the end of the study to address primary mechanisms
of improving insulin response in 5rolGLP-HV-treatment
mice. Pancreatic islets were examined by immunostaining
for insulin. Interesting, the immunoreactivity for insulin
antibody revealed marked enlargement inside islet-b cells of
STZ-induced diabetic mice compared with normal mice. The
mean insulin areas in islet-b cells significantly increased in

Table 2. Effect of 5rolGLP-HV on the body weight, water intake, food intake and blood glucose in mice

Groups

Body weight (g)

0 week 1 week 2 weeks 3 weeks

Normal control 22.18±0.29 22.68±0.35 23.13±0.47 23.78±0.29
Normal control?5rolGLP-HV 23.97±0.15 24.13±0.09 23.98±0.28 24.43±0.19
Diabetic control 18.27±0.25## 17.79±0.37## 17.81±0.43## 17.75±0.47##

Diabetic?5rolGLP-HV (8 mg/kg) 19.07±0.36 18.0±0.26 18.06±0.23 18.18±0.35
Diabetic?5rolGLP-HV (16 mg/kg) 19.22±0.25 18.74±0.38 19.44±0.27 19.58±0.19
Diabetic?5rolGLP-HV (32 mg/kg) 18.88±0.18 18.82±0.55 18.65±0.14 17.62±0.43
Diabetic?5rolGLP-HV (64 mg/kg) 19.06±0.3 19.38±0.23 19.36±0.19 19.03±0.44

Groups

Water intake (ml/d)

0 week 1 week 2 weeks 3 weeks

Normal control 4.67±0.15 3.95±0.65 5.06±0.98 4.61±1.10
Normal control?5rolGLP-HV 3.27±0.67 4.61±0.49 4.11±0.86 4.83±0.41
Diabetic control 20.05±0.93## 18.38±2.58## 16.94±1.99## 16.25±4.47##

Diabetic?5rolGLP-HV (8 mg/kg) 21.92±1.03 16.43±1.65 13.35±1.06 11.06±6.02*

Diabetic?5rolGLP-HV (16 mg/kg) 22.08±0.93 13.29±1.41* 10.56±1.28* 8.92±3.41*

Diabetic?5rolGLP-HV (32 mg/kg) 21.07±0.69 12.43±3.0* 11.78±0.86* 9.67±2.85*

Diabetic?5rolGLP-HV (64 mg/kg) 21.83±0.15 12.23±3.0* 10.78±0.86* 8.97±2.85*

Groups

Food intake (g/d)

0 week 1 week 2 weeks 3 weeks

Normal control 3.67±0.15 3.30±0.50 2.92±0.36 3.20±0.41
Normal control?5rolGLP-HV 3.27±0.67 3.12±0.54 3.08±0.26 3.15±0.53
Diabetic control 6.05±0.93# 5.16±1.36# 7.44±1.05# 8.27±1.53#

Diabetic?5rolGLP-HV (8 mg/kg) 6.92±3.03 6.14±1.01 5.38±1.12 5.31±0.69*

Diabetic?5rolGLP-HV (16 mg/kg) 6.08±0.93 4.34±0.87 4.83±1.92* 4.76±1.43*

Diabetic?5rolGLP-HV (32 mg/kg) 6.65±0.19 4.26±0.48 4.43±1.01* 4.83±0.83*

Diabetic?5rolGLP-HV (64 mg/kg) 6.83±0.15 4.01±0.80 4.73±0.54* 5.14±0.63*

Groups

Fast blood glucose (mmol/L)

0 week 1 week 2 weeks 3 weeks

Normal control 5.87±0.65 7.8±0.92 8.6±1.57 6.27±1.23
Normal control?5rolGLP-HV 6.2±0.85 7.07±0.21 7.1±0.7 6.53±0.21
Diabetic control 26.03±6.26## 22.4±1.76## 22.53±2.89## 25.2±1.18##

Diabetic?5rolGLP-HV (8 mg/kg) 26.63±6.08 19.83±2.96 17.8±1.25* 15.97±1.07**

Diabetic?5rolGLP-HV (16 mg/kg) 25.53±0.85 18.77±2.53 16.1±1.75* 13.4±0.1**

Diabetic?5rolGLP-HV (32 mg/kg) 26.23±5.26 17.53±3.67* 15.93±3.04* 13.63±1.32**

Diabetic?5rolGLP-HV (64 mg/kg) 24.43±1.62 16.8±1.82* 15.93±3.35* 13.96±4.41**

# , p\0.01 vs.control group; ##, p\0.05 vs.control group; *, p\0.05 vs. saline solution-treated diabetes group; **, p\0.01 vs. saline solution-treated
diabetes group.
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comparison to the normal control group. After treatment of
5rolGLP-HV, the expression of insulin in islet-b cells was

reduction and the mean insulin areas in islet-b cells were
decreased significantly compared to the diabetic mice which
treating with saline solution (figure 4). Consistent with
previous research, the diabetic mice had not reached insulin-
deficient state and the insulin sensitivity was decreased in the
early stage of T2DM. The secretion of insulin in an exces-
sive state to lower the high blood. 5rolGLP-HV treatment
increased the insulin sensitivity and the blood glucose was
controlled well in a relatively lower level of insulin.

Next, we investigated the apoptosis of islets cells in diabetic
mice after treatment with 5rolGLP-HV. Apoptotic cells
stained with the terminal dideoxynucleotidyltransferase
mediated dUTP nick and end labeling (TUNEL) method well

Table 3. Effect of 5rolGLP-HV on the level of insulin in mice

Groups

Insulin

Serum (mU/
L)

Pancreatic (mU/g
prot)

Normal control 2.47±0.33 0.033±0.0055
Normal control?5rolGLP-
HV

3.64±0.35 0.051±0.019

Diabetic control 11.49±1.63## 0.20±0.017##

Diabetic?5rolGLP-HV (8
mg/kg)

5.49±0.67** 0.17±0.019*

Diabetic?5rolGLP-HV (16
mg/kg)

4.22±1.11** 0.11±0.014**

Diabetic?5rolGLP-HV (32
mg/kg)

5.01±0.83** 0.12±0.012**

Diabetic?5rolGLP-HV (64
mg/kg)

4.79±1.31** 0.12±0.017**

## , p\0.01 vs.control group; *, p\0.05 vs. saline solution-treated
diabetes group; **, p\0.01 vs. saline solution-treated diabetes group.

Figure 2. Effects of 5rolGLP-HV on the levels of MDA and
T-SOD in the serum and pancreatic of mice. (a) MDA content in
serum; (b) MDA content in pancreatic; (c) T-SOD activity in
serum; (d) T-SOD activity in pancreatic. #, p\0.05 vs. normal
control group.

Figure 3. Effects of 5rolGLP-HV on rolGLP-1 signaling path-
way related genes expression in pancreatic of mice. #, p\0.05 vs.
control mice, *, p\0.05 vs. diabetic mice treated with saline
solution.

Figure 4. Results of insulin immunostaining in islets b-cells of
mice. (a) Normal?saline solution; (b) normal?5rolGLP-HV;
(c) diabetes?saline solution; (d) diabetes?5rolGLP-HV. Arrows
pointing to the positive areas of insulin expression, (magnification,
409).
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visualized in the pancreata of diabetic mice treated with
5rolGLP-HV. Compared to the normal control group, the
brown deposits in islets cells of diabetic mice which induced
by STZwere significant increased, indicating that the numbers
of apoptosis cells were increased. Treatment with 5rolGLP-
HV decreased the areas of brown deposits in diabetic mice
(figure 5). The results proved that the apoptosis that induced
by diabetes was improve after treatment of 5rolGLP-HV.

4. Discussion

5rolGLP-HV is a dual-function peptide that connect the
latent function of GLP-1 and hirudin in treating T2DM and
preventing thrombosis (Ni et al. 2016a, d). The present study
showed that administration of 5rolGLP-HV improved the
‘‘three polys and one little’’ symptom and decreased the
blood glucose and insulin levels in diabetic mice induced by
STZ-injection (tables 2 and 3). To the best of our knowl-
edge, this is the first study to provide direct evidence to show
the mechanism of action about 5rolGLP-HV playing its
biological function in insulin-deficient diabetic mice.

Oxidative stress is the important factor that induce of the
occurrence and development of T2DM (Fardoun 2007), and
there are now plenty evidence showing that oxidative stress
plays a significant role in b-cell deterioration (Pinney and
Simmons 2010; Sakai et al. 2003; Sakuraba et al. 2002).
Oxidative stress also is a key component in the progressive

of diabetic complications (Morsy et al. 2015). Lipid perox-
idation degree is considered as one of the most common
indicator that used to reflect the oxidative stress level in
diabetes. A large number of free radicals were produced
which induced by hyperglycemia, and the ability of scav-
enging free radicals was significantly lower in diabetes. In
this study, the lipid peroxidation which determined by
assessing the concentration of malondialdehyde (MDA) and
the activity of antioxidant enzyme which determined by total
superoxide dismutase (T-SOD) in serum and pancreatic tis-
sue were decreased, indicating that the degree of lipid per-
oxidation and antioxidant defense system dysfunction were
improved (figures 2 and 3).

GLP-1 is incapable of enhancing insulin secretion to
prevent hypoglycemia when blood glucose is lowered to
physiological level (Röder et al. 2016).The actions of GLP-1
are regulated by the activation of a GLP-1 receptor (GLP-
1R) (Dailey and Moran 2013). It stimulates the production of
intracellular cAMP in PKA-dependent and PKA-indepen-
dent mechanisms in b cell (Leech et al. 2011). Vitro studies
have shown that GLP-1 induces the trans-phosphorylation of
EGFR, subsequent the PI3K/Akt pathway was activated in
INS cells (Buteau et al. 2001, 2002; Tuduri et al. 2016). In
homeostasis, GLP-1 binding to the GLP-1 receptor (GLP-
1R) could up-regulate primarily PI3K/Akt by increasing
cAMP, and increase the production and cellular uptake of
insulin to lower blood glucose (Marathe et al. 2013). the
Raf/MEK/ERK (MAPK) signaling pathways also could be
activated by the binding of GLP-1 and GLP-1R, leading to
the changes of b cells in anti-apoptotic and proliferative
(Garcia-Jimenez et al. 2016b; Taniguchi et al. 2006). Most
of these effects manifest only at elevated plasma glucose
levels, thus accounting for the glucose dependence of GLP-
1-potentiated insulin secretion (Ashcroft and Rorsman
2012). In this study, real-time PCR showed that 5rolGLP-
HV promoted the genes expression of GLP-1 signaling
pathway in the pancreatic of diabetic mice in this study, and
the mRNA of GLP-1R, Akt, MEK and ERK were increased
100%, 62%, 55% and 195% compared to the negative dia-
betic mice, respectively (p\0.05) (figure 3).

Due to the argument of b-cell mass and the expression
alterations of key enzymes of b-cell glucose metabolism in
insulin-resistant states, the compensatory hypersecretion of
insulin will be appeared (Pick et al. 1998). In animal models,
as an insulin secretagogue and a b-cell mitogen, GLP-1 had
the capable of increasing b-cell proliferation and reducing b-
cell apoptosis (Drucker 2006). GLP-1 binding to the GLP-
1R, and affecting b-cell function, neogenesis, proliferation,
and/or reduce b-cell apoptosis (Kwon et al. 2009). However,
this is an essential component of the compensatory mecha-
nisms that maintaining normal glucose tolerance because the
Zucker fatty rats with a diabetes-prone sub-line fail to ade-
quately increase their b-cell mass in insulin-resistant states.
This is not due to a failure of b-cell proliferation, but rather

Figure 5. Apoptosis changes of islets cells in the pancreatic of
mice. (a) Normal?saline solution; (b) normal? 5rolGLP-HV;
(c) diabetic?saline solution; (d) diabetic?5rolGLP-HV. Arrows
pointing to the positive areas of apoptosis, (magnification, 409).
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an enhanced rate of b-cell death due to apoptosis (Bell and
Polonsky 2001). Apoptosis is an important factor in induc-
ing the progressive loss of b-cell in T2DM (Rhodes 2005). It
has been reported that the b-cell apoptosis was existed in
autopsied pancreatic samples of T2DM patients (Butler et al.
2003). Although previous studies have proved treatment
with 5rolGLP-HV significantly reversed elevated fasting
insulin levels, leading to significant decrease in HOMA-IR
but elevation in HOMA-IS, and restored the pancreatic
injury induced in the diabetic mice (Ni et al. 2016a), the
specific mechanism of 5rolGLP-HV is unclear. The present
study showed that oral administration of 5rolGLP-HV
decreased the expression of insulin in islet-b cells and the
mean insulin areas in islet-b cells were decreased signifi-
cantly compared to the diabetic mice which treating with
saline solution (figure 4). Treatment with 5rolGLP-HV also
decreased the areas of brown deposits in diabetic mice,
indicating that the apoptosis that induced by diabetes was
improve (figure 5).

In summary, the hypoglycemic mechanism of 5rolGLP-
HV in typec2 diabetes mice was studied preliminarily for the
first time. However, as a dual-function peptide for the
treatment of diabetes and thrombosis, the antithrombus study
about 5rolGLP-HV relative less than hypoglycemic effect,
and the thrombolytic effect of 5rolGLP-HV will remain to be
clarified in the future.
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