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1 Introduction
Type 2 diabetes mellitus (T2DM) is a non-insulin dependent 

diabetes mellitus, which is caused by the decrease in glucose 
metabolism regulation ability of insulin accompanied by islet 
β cell dysfunction (Olokoba et al., 2012). Insulin resistance and 
insulin secretion disorder are the main pathological features of 
T2DM, but the specific mechanism is still unclear (Cavaghan et al., 
2000). In recent years, studies have shown that T2DM is a 
low‑grade chronic inflammatory disease. The cytokine‑mediated 
inflammatory response plays an important role in the impaired 
glucose tolerance and T2DM, and the concentration of a 
variety of inflammatory factors will increase with the progress 
of the disease (Diakakis  et  al., 2005; van Doorn et  al., 2006; 
Ruotsalainen et al., 2006; Tatsch et al., 2015). In addition, the 
oxidative stress is closely related to the insulin resistance and insulin 
secretion dysfunction which determine the progress of T2DM 
(Tangvarasittichai, 2015; Rehman & Akash, 2017). Cyclocarya 
paliurus (Batal.) Iljinskaja belongs to the dicotyledneae family. 
It is one of the unique species of plants in China, and is also 
one of the most endangered plants. It is found that, Cyclocarya 
paliurus (Batal.) Iljinskaja can be used to effectively control 
diabetes (Kurihara  et  al., 2003), hypertension (Huang  et  al., 
1986) and hyperlipidemia (Nan et al., 2015). Polysaccharides 
are the main physiological active substance in Cyclocarya 
paliurus (Batal.) Iljinskaja, which have aroused great interests 
and widespread concerns (Xie et al., 2010; Xie et al., 2014;). 

In recent years, more and more attention has been paid to the 
study of functional factors and the development of functional 
food. Therefore, developing Cyclocarya paliurus (Batal.) Iljinskaja 
polysaccharides (CPP) and investigating their activities are of 
great practical significance. This study investigated the effect 
of CPP on the glucose-lipid metabolism in T2DM rats and the 
mechanisms related to inflammatory response and oxidative 
stress. The objective was to provide an experimental basis for 
further studying the clinical therapeutic effects of CPP on T2DM.

2 Materials and methods
2.1 Materials

The whole plant of Cyclocarya paliurus (Batal.) Iljinskaja 
was purchased from Yichang Qingqianliu Biological Technology 
Co., Ltd. (Yichang, China). Male Wistar rats weighing 180-200 g 
were obtained from the Guangdong Medical Laboratory Animal 
Center (Guangzhou, China). AB-8 macroporous adsorption resin 
was provided by Chemical Plant of Nankai University (Tianjin, 
China). Streptozotocin was provided by Shanghai Maokang 
Biotechnology Co., Ltd. (Shanghai, China). The kits relevant 
for detection of blood glucose, blood lipid and inflammatory 
factor and other reagents were purchased from Sigma-Aldrich 
Corp. (MO, USA).
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Preparation of CPP

Cyclocarya paliurus (Batal.) Iljinskaja was washed and dried 
60 °C for 10 h, followed by pulverizing. The 500 g material powder 
was taken, and was extracted using 1.5 L water by refluxing for 
2 h. After filtration, the filtrate was obtained. Then, the residue 
was extracted using 1500 ml water by refluxing again for 2 h. 
After filtration, the filtrate was obtained. The filtrates of two 
extractions were combined, followed by vacuum concentration 
at 60 °C to one fifth of the original volume. The 80% ethanol 
with quadruple volume to concentrated filtrates was added for 
precipitation at 4 °C for 12 h, followed by centrifugal separation. 
After washing with absolute ethanol and vacuum drying, the crude 
polysaccharides were obtained. The crude polysaccharides were 
dissolved in water, and were loaded in the AB-8 macroporous 
adsorption resin column, followed by distilling with 20% 
ethanol solution. The target elution effluent was collected. After 
concentration and vacuum drying, the final CPP product was 
obtained. The content of polysaccharide was 68.12%.

2.2 Establishment of T2DM model and grouping of rats

Sixty rats were single-cage raised in the condition avoiding 
strong light and noise (temperature 22 ± 2 °C; humidity 40-70%; 
12/12-h day-night cycle; free to feed and water). After one week 
of adaptive feeding, 10 rats were randomly selected as the control 
group, which were fed with standard diet. The remaining 50 rats 
were fed with high-fat and high-sugar diet (20% sucrose, 18% 
lard, 3% yolk and 59% basic diet) for 4 weeks. The rats were 
fasted for 12 h, followed by single intraperitoneal injection of 
streptozotocin solution with dose of 30 mg/kg. After 72 h, the 
blood sample was taken from tail vein, and the fasting blood 
glucose (FBG) was detected. The FBG > 16.7 mmol/L presented 
the successful establishment of T2DM model. According to 
FBG value, 40 rats were selected and were randomly divided 
into model group, CPP-1 group, CPP-2 group and CPP-3 group, 
with 10 rats in each group.

2.3 Treatment of rats

From the second day after establishment of T2DM model, 
the rats in CPP-1, CPP-2 and CPP-3 group were intragastrically 
administrated with CPP, and the dose was 100, 200 and 400 mg/kg, 
respectively. The rats in control and model group were intragastrically 
administrated with equal volume of water. The administration 
was performed once per day, and was lasted for 4 weeks. During 
the treatment, the body weight, mind state, response, activity, 
diet and excretion were observed.

2.4 Observation indexes

No rat died during the experiment. At the end of treatment, the 
rats were fasted for 10 h. The blood was collected from abdominal 
aorta under anesthesia. The FBG level was measured by glucose 
oxidase method (Thompson, 1966). The fasting insulin (FINS) 
level was determined by radioimmunoassay. The glycosylated 
hemoglobin (GHb) and blood lipid indexes including total 
cholesterol (TC), triglyceride (TG) and low-density lipoprotein 
cholesterol (LDL-C) were determined using BK-200 automatic 
biochemical analyzer (Shandong Boke Biological Industry Co., 

Ltd., Jinan, China). The C-reactive protein (CRP) was determined 
by immunoscattering turbidimetry. The tumor necrosis factor α 
(TNF-α) and interleukin 6 (IL-6) were measured by enzyme‑linked 
immunosorbent assay (ELISA). The malondialdehyde (MDA) was 
determined using thiobarbituric acid method. The superoxide 
dismutase (SOD) was determined using xanthine oxidase 
method. The glutathione peroxidase (GSH-Px) was measured 
by reduced glutathione depletion method. All procedures were 
in accordance to the instructions of corresponding kits.

2.5 Statistical analysis

Data were presented as mean±standard deviation. SAS software 
(version 9.4; SAS Institute Inc., NC, USA) was used for statistical 
analysis. Multiple comparisons were performed using a one-way 
analysis of variance followed by the Student‑Newman‑Keuls test. 
P < 0.05 was considered as statistically significant.

3 Results
3.1 General situation of rats

During the experiment, the rats in the control group had 
good spirits and glossy fur, with sensitive response and normal 
activities. Compared with control group, the rats in the model 
group had poor mental state, slow response, dull fur, drowsiness, 
and decreased activities. In addition, they had increased water 
intake, increased urine volume and loose stool. The rats in CPP‑1, 
CPP-2 and CPP-3 groups also had similar symptoms, but the 
degree was lighter than the model group.

3.2 Body weight of rats

In control group, the body weight of rats sustained a stable 
growth during the experiment. Compared with control group, the 
body weight of rats in model, CPP-1, CPP-2 and CPP-3 groups 
was significantly reduced at 0, 1, 2, 3 and 4 week time point in 
treatment, respectively (P < 0.05). The body weight of rats in 
CPP-2 group at the 3 and 4 week time point and that in CPP-3 
groups at the 2, 3 and 4 week time point were significantly higher 
than that in model group, respectively (P < 0.05) (Figure 1).

3.3 Blood glucose indexes

At the end of experiment, the FBG, FINS and GHb levels in 
model, CPP-1, CPP-2 and CPP-3 groups were significantly higher 
than those in model group, respectively (P < 0.05). Compared 
with model group, the FBG and FINS levels in CPP-2 and CPP-3 
groups and GHb level in CPP-3 group were significantly reduced, 
respectively (P < 0.05) (Table 1).

3.4 Blood lipid indexes

After treatment for 4 weeks, the levels of TC, TG and LDL-C 
in model, CPP-1, CPP-2 and CPP-3 groups were remarkably 
higher than those in control group, respectively (P < 0.05). 
Compared with model group, the levels of TC and TG in CPP-3 
group and the level of LDL-C in CPP-2 and CPP-3 groups were 
remarkably decreased, respectively (P < 0.05) (Table 2).
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3.5 Levels of inflammatory factors

Figure 2 showed that, after treatment, the serum CRP, TNF-α 
and IL-6 levels in model, CPP-1, CPP-2 and CPP-3 groups were 
remarkably higher than those in normal group, respectively 
(P < 0.05). Compared with model group, the level of CRP in 
CPP-1, CPP-2 and CPP-3 groups and the levels of TNF-α and 
IL-6 in CPP-2 and CPP-3 groups were remarkably reduced, 
respectively (P < 0.05).

3.6 Levels of oxidative stress indexes

After treatment, when comparing with the control group, 
the serum MDA level in model, CPP-1 and CPP-2 groups was 
remarkably increased (P < 0.05), and the serum SOD and SOD 
levels in model, CPP-1, CPP-2 and CPP-3 groups were remarkably 
decreased, respectively (P < 0.05). Compared with model group, 
the MDA level in CPP-2 and CPP-3 groups was remarkably 
reduced, respectively (P < 0.05), and the SOD level in CPP-1, 
CPP-2 and CPP-3 groups and GSH-Px level in model, CPP-1, 
CPP-2 and CPP-3 groups were remarkably increased, respectively 
(P < 0.05) (Table 3).

4 Discussion
This study has established the T2DM model in rats, and 

investigated the effect of CPP on the glucose-lipid metabolism, 
inflammatory response and oxidative stress in T2DM rats. Results 
showed that, compared with model group, in CPP treatment 
groups the T2DM symptoms of rats were lightened, the body 
weight was improved, and the FBG, FINS and GHb levels were 
reduced. This indicates that, CPP can obviously ease the diabetic 
symptoms and reduce the blood glucose level.

Table 1. Blood glucose indexes in different groups.

Group FBG (mmol/L) FINS (μU/L) GHb (%)
Control 6.0 ± 0.8 82.1 ± 9.2 4.9 ± 0.8
Model 23.1 ± 4.6Δ 127.6 ± 23.1Δ 9.9 ± 1.5Δ

CPP-1 20.2 ± 5.5Δ 120.6 ± 20.2Δ 9.5 ± 1.2Δ

CPP-2 18.3 ± 3.6Δ# 108.5 ± 12.1Δ# 8.9 ± 1.0Δ

CPP-3 15.5 ± 2.9Δ#% 101.4 ± 14.9Δ#% 6.7 ± 0.9#%&

ΔP < 0.05 vs. control group; #P < 0.05 vs. model group; %P < 0.05 vs. CPP-1 group; 
&P < 0.05 vs. CPP-2 group. FBG, fasting plasma glucose; FINS, fasting insulin; GHb, 
glycosylated hemoglobin.

Figure 1. Body weight of rats in different groups. ΔP < 0.05 vs. 
control group; #P < 0.05 vs. model group; %P < 0.05 vs. CPP-1 group; 
&P < 0.05 vs. CPP-2 group.

Table 2. Blood lipid indexes in different groups.

Group TC (mmol/L) TG (mmol/L) LDL-C (mmol/L)
Control 0.9 ± 0.2 0.4 ± 0.1 0.2 ± 0.0
Model 1.7 ± 0.2Δ 0.9 ± 0.1Δ 0.4 ± 0.1Δ

CPP-1 1.6 ± 0.2Δ 0.8 ± 0.1Δ 0.3 ± 0.1Δ

CPP-2 1.4 ± 0.2Δ 0.7 ± 0.2Δ 0.2 ± 0.0Δ#

CPP-3 1.3 ± 0.2Δ# 0.5 ± 0.1Δ#% 0.2  ± 0.0Δ#

ΔP < 0.05 vs. control group; #P < 0.05 vs. model group; %P < 0.05 vs. CPP-1 group. TC, total 
cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol.

Figure 2. Levels of inflammatory factors in different groups. ΔP < 0.05 vs. control group; #P < 0.05 vs. model group; %P < 0.05 vs. CPP-1 group. CRP, 
C-reactive protein; TNF-α, tumor necrosis factor α; IL-6, interleukin 6.

Table 3. Levels of oxidative stress indexes in different groups.

Group MDA (μmol/L) SOD (U/ml) GSH-Px (U/ml)
Control 0.3 ± 0.1 27.3 ± 4.0 1022. 7 ± 136.7
Model 0.5 ± 0.0Δ 12.6 ± 1.8Δ 707.6 ± 98.6Δ

CPP-1 0.5 ± 0.1Δ 14.6 ± 1.9Δ# 714.7 ± 93.3Δ

CPP-2 0.4 ± 0.1Δ# 17.3 ± 2.0Δ#% 806.7 ± 101.4Δ#%

CPP-3 0.3 ± 0.1#%& 18.5 ± 1.2Δ#% 887.5 ± 93.6Δ#%

ΔP < 0.05 vs. control group; #P < 0.05 vs. model group; %P < 0.05 vs. CPP-1 group. MDA, 
malondialdehyde; SOD, superoxide dismutase. GSH-Px, glutathione peroxidase.
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It is found that, high blood lipid levels are closely related to 
the occurrence and development of T2DM. TG is the storage 
form of free fatty acids (FFA) in tissues before hydrolysis, while 
FFA is the hydrolysis product of TG (Ho et al., 2002). When 
the FFA level increases, this exceeds the fat storage capacity 
and oxidative capacity of tissues to FFA. The FFA deposits in 
non‑adipose tissues in the form of TG, which results in tissue 
damage (Bays et al., 2004; Ma et al., 2014). For example, excessive 
TG deposit in the islets can accelerate the apoptosis of islet β cells 
and decrease their function (Cnop et al., 2001). Results of this 
study showed that, compared with model group, the levels of 
TC and TG in CPP-3 group and the level of LDL-C in CPP-2 
and CPP-3 groups were remarkably decreased. This suggests 
that, CPP can reduce the blood lipid levels, thus preventing the 
development of T2DM in rats.

In recent years, it has been argued that diabetes mellitus and its 
vascular lesions are the inflammatory diseases. This inflammatory 
response is considered to be a subclinical inflammation, which 
is below the level of infectious and autoimmune inflammation. 
This inflammation further leads to insulin resistance, islet 
β cell injury and vascular endothelial cell dysfunction, thus 
causing diabetes mellitus and its chronic vascular complications 
(Peng et al., 2010; Morgan et al., 2014). CRP is the main protein 
involved in inflammation or acute phase reaction, and is also 
the most sensitive indicator. CRP is the strongest predictor 
of the onset of T2DM. Studies have found that the CRP level 
increases significantly in newly discovered or diagnosed diabetes 
mellitus patients (Qiu  et  al., 2004). TNF-α is a polypeptide 
mediator produced by mononuclear macrophages. It is found 
that TNF-α plays an important role in the pathogenesis of insulin 
resistance, and is closely related to plasma insulin level, glucose 
metabolism and lipid metabolism (Mueller et al., 1993). IL-6 is 
another inflammatory factor closely related to the pathogenesis 
of diabetes mellitus. It is a promoter of insulin function under 
normal conditions and a damage factor under pathological 
conditions. The increased IL-6 may damage the function of 
β cells and inhibit the insulin secretion, thus promoting the 
development of T2DM (Watt et al., 2005). Results of this study 
showed that, after treatment, compared with model group, the 
level of CRP in CPP-1, CPP-2 and CPP-3 groups and the levels 
of TNF-α and IL-6 in CPP-2 and CPP-3 groups were remarkably 
reduced. This indicates that, CPP can decrease the CRP, TNF-α 
and IL-6 levels and reduce the inflammatory response, which 
decreases the insulin resistance and dysfunction of β cells, thus 
alleviating the T2DM in rats.

Oxidative stress refers to the imbalance between the 
production of reactive oxygen species (ROS) and the antioxidant 
defense system in body, which leads to tissue damage. Under 
normal physiological conditions, ROS produced by oxidative 
stress can be quickly eliminated by antioxidant system. However, 
the hyperglycemia causes the production of excessive ROS in 
mitochondria of vascular endothelial cells, which aggravates the 
oxidative stress reaction in cells (Wolff et al., 1991; Singh et al., 
2009). SOD, as one of the main antioxidants, is ubiquitous in 
metabolic cells. Study has confirmed that there is metabolic 
disorder of SOD in patients with T2DM, which lead to decreased 
anti-peroxidation ability and increased free radical production 
(Mayhan, 1997). GSH-Px is an important catalytic oxidase 

widely existing in the body. It can also scavenge free radicals, 
block the chain reaction of lipid peroxidation and protect the 
structure and function of cell membrane. The level of GSH-Px is 
decreased in T2DM diabetic patients (Kornhauser et al., 2008) 
and T2DM rat model (Zhu et al., 2016). Oxygen free radicals 
destroy the structure and function of cells by lipid peroxidation 
with unsaturated fatty acids in cell membranes, and MDA is 
formed at the same time (Arslan et al., 2014). Results of this 
study showed that, compared with model group, the MDA level 
in CPP-2 and CPP-3 groups was remarkably reduced, and the 
SOD level in CPP-1, CPP-2 and CPP-3 groups and GSH-Px level 
in model, CPP-1, CPP-2 and CPP-3 groups were remarkably 
increased. This suggests that, CPP has the ability of scavenging 
radical and reducing lipid peroxidation, thus playing a protection 
role for T2DM in rats.

5 Conclusion
CPP can alleviate the T2DM in rats, which may be related to 

its resisting inflammatory response and oxidative stress in body. 
This study has provided an experimental basis for studying the 
clinical therapeutic effects of CPP on T2DM. However, the other 
effects of CPP on T2DM rats need to be further investigated.
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