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1 Introduction
Chuju, Dendranthema morifolinm (Ralllal) Tzvel. cv. is a 

kind of chrysanthemum, which is a genuine medicinal material 
produced in Chuzhou, Anhui Province, China (Hu et al., 2017). 
In traditional Chinese medicine, it is believed that Chuju has 
lots of health benefits, such as brightening eyes, calm liver, and 
so on (Han et al., 2015; Zhou et al., 2018). Chuju has been used 
to treat headache, dizziness, and pain in China and many other 
countries (Tao et al., 2019).

According to previous researches, Chuju has many functions 
such as bacteriostasis, antioxidant, hypoglycemic and so on 
(Li et al., 2022). Studies have shown that total flavonoids of Chuju 
can significantly prolong the coagulation time and increase the 
content of NO in the serum of diabetic rats (Wang et al., 2021). 
Aqueous extracts of Chuju can effectively prevent hyperglycemia 
induced by a high-fat diet, which may be related to its antioxidant 
activity (Uppin et al., 2020; Wang et al., 2017).

Researchers have found that aqueous extracts of Chuju have 
different scavenging abilities for DPPH free radical and ABTS 
free radical when Chuju is dried in different ways (Xie et al., 
2018). Reportedly, the drying methods of Chuju polysaccharide 
can affect the scavenging rate, which has shown that Chuju 
polysaccharide has good antioxidant activity (Wang et al., 2017). 
Chuju polysaccharides can significantly prolong the swimming 
time of weight-bearing mice, and reduce the contents of BLA 
and BUN in fatigue mice. Moreover, it also can increase the 

content of HG and improve the respiratory times of decapitated 
mice. Furthermore, after administrating Chuju polysaccharide, 
respiratory maintenance time and hypoxia tolerance survival 
time of mice can be prolonged under atmospheric pressure 
(Yue et al., 2018).

Diabetes mellitus (DM) is a chronic metabolic disorder 
characterized by high blood glucose due to insufficient insulin 
secretion or insulin secretion disorder (Olt, 2015). The number 
of people (20-79 years) with diabetes is 537 million in 2021 on 
the globe. This number is predicted to rise to 643 million in 
2030 and 783 million in 2045 (International Diabetes Federation, 
2021). Various factors contribute to increased the risk of DM, 
but the main factors are lifestyle, dietary, genetic, obesity and 
age. Hyperglycemia-induced oxidative stress and apoptosis in 
pancreatic β-cells have been found to play major role in the 
development of DM (Lim et al., 2018). Therefore, reducing the 
oxidative stress and apoptosis in pancreatic β-cells may contribute 
to the prevention and treatment of DM (Qiao et al., 2022).

In our previous work, Chuju polysaccharides can reduce 
the blood glucose level of diabetic mice induced by alloxan, and 
the reduction is positively correlated with the dose (Yang et al., 
2022b). In this work, the antioxidant activities of Chuju 
polysaccharides and their effects on diabetic mice were studied, 
to provide a basis for revealing the hypoglycemic mechanism 
of Chuju polysaccharides.
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Abstract
Chuju polysaccharide, which is extracted from a traditional Chinese flower, contains diabetes benefits. In this study, the free 
radical scavenging ability and reducing force of the Chuju polysaccharides were determined. The Chuju polysaccharides 
were given intragastrically to the diabetic mice. Results have shown that three Chuju polysaccharides had certain scavenging 
effects on DPPH radical, hydroxyl radical and superoxide anion radical, which are stronger than VE, but weaker than VC. 
The scavenging effects of three Chuju polysaccharides on hydroxyl radical were as follows: D2 > D1 > D3. The reducing force 
of the three components was also shown as the same, indicating that Chuju polysaccharide had strong antioxidant activity. 
According to the histological anatomy and pathological section analysis of mice, the three components of Chuju polysaccharide 
could have a certain protective effect on liver, kidney and pancreas. The components with stronger antioxidant activity contain 
a more significant protective effect. Together, these findings indicated that Chuju polysaccharides possess great potential as a 
diet supplement or medication for diabetes.
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2 Materials and methodsa
2.1 Materials and reagents

Chuju polysaccharide was prepared by the enzymatic 
method according to previous reports (Yang et al., 2022b). Three 
Chuju polysaccharide components D1, D2 and D3 were purified 
by DEAE-cellose-52, which were collected and freeze-dried, 
respectively. Chuju polysaccharide solution (100 mg/mL) was 
prepared with deionized water for further experiments.

2.2 Free-radical scavenging of DPPH

The scavenging activities of digestion samples against DPPH 
were determined according to the previous study with slight 
modifications (Sipahli et al., 2022). Briefly, samples with different 
concentrations were prepared with polysaccharide stock solution. 
2 mL sample and 2 mL DPPH (0.1 mM) were mixed and kept 
in the dark for 30 min at 25 °C. The absorbance at 517 nm was 
measured (SpectraMax 190, Molecular Devices, USA). 2 mL 
DPPH in anhydrous ethanol (0.1 mM) and 2 mL anhydrous 
ethanol were taken for control experiments. VC and VE were 
selected as positive controls. The DPPH free-radical scavenging 
rate of the sample was calculated as the following Equation 1:

( ) ( )%   0     /  0  100Free-radical scavenging A Ai Aj A=  × − − 	 (1)

Where A0: absorbance control, Aj: absorbance of test sample, 
Ai: absorbance of sample.

2.3 Hydroxyl radical scavenging activity

The activity was carried out according to the method 
described previously with slight modifications (Wang  et  al., 
2022). 2 mL sample was mixed with 1 mL of 9 mM FeSO4, 2 mL 
of 9 mM salicylic acid-ethanol solution and 2 mL of 8.8 mM H2O2. 
The reactions were carried out at room temperature for 1 h and 
the absorbance was read at 510 nm. VC and VE were selected as 
positive controls. The capability of scavenging hydroxyl radicals 
was calculated using the above equation.

2.4 Superoxide radical scavenging activity

Superoxide radical scavenging activity was measured by 
the modified method of Byun et al. (2021). After extract with 
pyrogallol (7 mM) for 4 min, 1 mL HCl (10 M) was added to the 
mixed solution. Then, the absorbance was calculated at 420 nm. 
VC and VE were selected as positive controls. The capability of 
scavenging hydroxyl radicals was calculated using the above 
equation.

2.5 Determination of reducing force

The reducing force of methanolic extracts was determined 
according to the method of Babbar et al. (2011). 2 mL sample 
was mixed with 2.5 mL phosphate buffer (0.2 M, pH 6.6) and 
2.5 mL, 1% potassium ferricyanide (K3Fe(CN)6). The mixture 
was incubated at 50 °C for 20 min and centrifuged at 3500 rpm 
after the addition of 2.5 mL of 10% trichloroacetic acid. 2.5 mL 
supernatant was collected and mixed with 0.5 mL, 0.1% FeCl3. 

The absorbance was measured at 700 nm. VC and VE were 
selected as positive controls. An increase in absorbance was 
directly correlated to an increase in reducing force.

2.6 Animal model

Male mice were fed with the high-fat diet, which contained 
2% lard, 6% soybean, 1% egg white, 1% fish meal and 3% egg 
yolk powder, for 2 weeks. After fasting for 12 h, mice were 
intraperitoneally injected with alloxan (120 mg/kg), which 
was prepared with saline. After an interval of 6 h, mice were 
intraperitoneally injected with 20% glucose solution, and fed 
with 5% glucose solution within 24 h to prevent death caused 
by hypoglycemia. After 7 d, the fasting blood glucose of mice 
was higher than 7.8 mmol/L, and the blood glucose was higher 
than ≥ 11.1 mmol/L (GA-6, Sinocare, China). Further, mice were 
identified as II diabetes mellitus models (insulin resistant type).

2.7 Animal treatment

According to body weight and blood glucose, mice were 
divided into 5 groups randomly with 10 mice in each group. 
Mice were treated according to Table 1, meanwhile a high-fat diet 
was given for 4 weeks. Blood was taken from the tail every week, 
and the changes in blood glucose were measured after 12 h of 
fasting. After fasting for 12 h before the last administration, the 
blood glucose of mice in each group was measured. Then, 20% 
urethane was injected intraperitoneally (1.0 g/kg) for anesthesia. 
Moreover, blood was collected from the abdominal aorta and 
serum was separated. The liver, kidney and pancreas of each 
mouse were collected and fixed with 4% paraformaldehyde.

2.8 Histopathological analysis

Organ tissues, including liver, kidney and pancreas, were 
washed and fixed in 4% buffered paraformaldehyde. Furthermore, 
they were dehydrated with an alcohol series of different grades, 
embedded in paraffin, and cut into 4 cm sections (LEICARM2245, 
Leica, Germany). Sections were stained with hematoxylin and 
eosin, detected under a microscope (IX73, Olympus, Japan).

2.9 Statistical analysis

Results are expressed as the mean ± standard deviation for all 
analyzed indices. One-way analysis of variance was conducted, 
and the level of significance was set to P < 0.05. Statistical 
analyses were performed by using SPSS version 19.0 (SPSS Inc., 
Chicago IL, USA).

Table 1. Experimental group and dosage.

Experiment groups Treatment methods
Control group Saline, i.g. 5 mL
Model group Saline, i.g. 5 mL

Positive control group Metformin, 150 mg/kg, i.g. 5 mL
D1 group Chuju polysaccharide D1, 500 mg/kg, i.g. 5 mL
D2 group Chuju polysaccharide D2, 500 mg/kg, i.g. 5 mL
D3 group Chuju polysaccharide D3, 500 mg/kg, i.g. 5 mL
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3 Results
3.1 DPPH radical scavenging activity of Chuju polysaccharide

As can be seen in Figure  1, Chuju polysaccharide has a 
certain scavenging activity on DPPH free radical and stronger 
than that of VE, but its scavenging activity is weaker than VC. 
Furthermore, Chuju polysaccharide D2 contains the highest 
scavenging activity on DPPH.

3.2 Hydroxyl radical scavenging activity of Chuju 
polysaccharide

The hydroxyl radical scavenging activity of Chuju polysaccharide 
is shown in Figure  2. Similarly, hydroxyl radical scavenging 
activity of Chuju polysaccharide is weaker than VC, but stronger 
than VE. Moreover, the hydroxyl radical scavenging activity of 
three Chuju polysaccharides is D2 > D1 > D3.

3.3 Scavenging activity of Chuju polysaccharide on 
superoxide anion free radical

As is shown in Figure 3, the superoxide anion radical scavenging 
activity of Chuju polysaccharide is following concentration-
dependent changes. Same as before, the superoxide anion radical 
activity of Chuju polysaccharide is weaker than VC and stronger 
than VE. The Chuju polysaccharides D3 contains the lowest 
scavenging activity on superoxide anion radical.

3.4 Result of reducing force of Chuju polysaccharides

The reducing force of Chuju polysaccharide is shown in 
Figure 4. It can be seen that the reducing force of D2 is the 
strongest in Chuju polysaccharides, but still weaker than VC. 
Furthermore, the reducing force of Chuju polysaccharide D3, 
which contains the lowest power, is stronger than VE.

Figure 1. Scavenging DPPH free radical rate of different Chuju 
polysaccharides. Data are presented as means ± SD (standard deviation).

Figure 2. Scavenging hydroxyl radical rate of different Chuju 
polysaccharides. Data are presented as means ± SD (standard deviation).

Figure 3. Scavenging radical rate of different Chuju polysaccharides. 
Data are presented as means ± SD (standard deviation).

Figure 4. Reducing force of different Chuju polysaccharides. Data are 
presented as means ± SD (standard deviation).
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3.5 Anatomical results of liver and kidney of mice with 
different treatments

From Figure 5, it is found that the liver and kidney of mice in 
the blank group are complete and smooth, which is easy to peel 
off with good hardness. The liver of the positive control group 
was incomplete and difficult to peel off. Furthermore, they also 
had strong adhesion with other organs, which contains a great 
peculiar smell. The liver and kidney of Chuju polysaccharide 
groups are relatively complete, with good surface gloss and certain 
hardness, indicating that the three Chuju polysaccharides have 
a certain protective effect.

3.6 Pathological changes in tissues

The liver plays an important role in drug metabolism, so it 
can best reflect the significant impact of glucose metabolism and 
lipid metabolism (Saidov & Isroilov, 2002). Moreover, the degree 
of liver injury has the most significant impact on metabolism. 
The results of pathological changes in mouse liver after different 
treatments are shown in Figure 6.

In the blank group, the liver cells of normal mice are evenly 
distributed with an obvious nucleus, and the distribution of 
sinusoidal space is normal. Compared with the blank group, 
the distribution of liver cells in the positive control group was 
uneven, and the distribution of sinusoidal space was significantly 
increased. After treatment with Chuju polysaccharide, the 

liver injury can be significantly improved. Moreover, evenly 
distributed cells and fewer cracks in hepatocytes, indicating 
that Chuju polysaccharides have certain protective effects on the 
liver. Furthermore, the effects of D2 and D3 are more obvious 
than those of D1.

The kidney is an important urinary organ, which can produce 
urine and remove metabolites, wastes and toxins in the body 
(Herder & Roden, 2022; Liu et al., 2022). Kidney disease is the 
most obvious complication of diabetes, which can seriously 
affect the structure of the glomerulus and gradually harden 
it, resulting in increased glomerular filtration rate and high 
filtration, resulting in proteinuria. Therefore, the renal structure 
of diabetic mice can be used to analyze the damage degree of 
diabetic mice to kidney organs. The results of pathological 
sections are shown in Figure 7.

In the blank group, the kidney structure was complete, 
which contains the normal size of glomerulus, and the edge of 
the structure was clear with no thickening. The structure of renal 
tubules is complete and continuous, and the stroma is evenly 
distributed. There is no obvious expansion and thickening. In the 
positive control group, it can be seen that the glomerulus has 
certain atrophy and the structural edge is thickened, but the 
glomerular structure is complete and the interstitial distribution 
is not obvious. After polysaccharides treatments, the kidney 
structure of diabetic mice was relatively complete. Moreover, the 

Figure 5. The liver and kidney anatomical map of the mice from different group. Data are presented as means ± SD (standard deviation) (n = 10).
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Figure 6. The liver pathological section of mice in D1, D2 and D3 Chuju polysaccharide (1, × 100; 2, × 400) (n = 10).

Figure 7. The kindey pathological section of mice in D1, D2 and D3 Chuju polysaccharide. Data are presented as means ± SD (standard deviation) 
(n = 10).
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4 Discussion and conclusion
In clinical practice, DM mainly reflects hyperglycemia and 

hyperlipidemia, which is accompanied by “eat more, drink more, 
urinate more, but lose weight” symptoms (Chang et al., 2021). 
Type II diabetes is mainly manifested in insufficient insulin 
secretion or poor insulin effect. The insulin effect is closely related 
to the liver, pancreas and kidney of animals. These organs are 
attacked by oxidation, and their cell distribution, nucleus and 
fissure distribution will change significantly (Wilson & Castle, 
2020). In this experiment, four mice were treated with alloxan. 
The fasting and the changes of blood glucose after the meal were 
used to screen the diabetic mice.

Diabetic complications are caused by metabolic changes, 
for the chronic hyperglycemia and diabetes. They often exhibit 
islet resistance, hypertension and hyperlipidemia. Physiological 
characteristics are glucose intolerance, obesity, hypertension 
and premature atherosclerosis (Muche et al., 2020). Damage 
to other organs is manifested as acute pancreatitis, diabetic 
nephropathy, diabetic peripheral neuropathy, such as insulin 
resistance, hypertension and dyslipidemia (Yang et al., 2022a). 
These changes are also associated with oxidative (Krycer et al., 
2020). Therefore, antioxidant methods can be used to deal with 

thickening of glomerular margin became small. Furthermore, 
the interstitium was significantly improved, indicating that 
Chuju polysaccharides had certain restorative effects on renal 
structure and function.

The pancreas is one of the important digestive organs. It is 
mainly located at the bend of duodenum and has a soft texture, 
which mainly secretes digestive enzymes and insulin (Kaimala et al., 
2022). In the blank group, the pancreatic structure was complete, 
which contained evenly distributed cells (Figure 8).

The structures of glandular lobules and connective tissue 
were clearly discernible. Moreover, the islet structure is complete, 
alongside a dense nucleus and uniform cytoplasm. In the positive 
control group, there was a thickening of adipose tissue between 
cells. Moreover, in most cytoplasmic cells, vacuoles appeared. 
And, nuclear of cells has become unclear. In polysaccharides 
treatment groups, the proliferation of adipose tissue was 
smaller than that of medium and low dose groups. Moreover, 
the vacuoles of cytoplasm cells were significantly improved. 
Meanwhile, cytoplasmic cells have been more abundant. Also, 
the structures of glandular lobules and connective tissues were 
more clear, indicating that Chuju polysaccharides had a certain 
recovery function on the pancreas of diabetic mice.

Figure 8. The pancreas pathological section of mice in D1, D2 and D3 Chuju polysaccharide. Data are presented as means ± SD (standard 
deviation) (n = 10).
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oxidative damage. In this experiment, three kinds of polysaccharides 
separated from Chuju were used to treat diabetic mice. The study 
has laid the foundation for further research.

The methods of treating diabetes are main in the following 
aspects: improvement β-Cell dysfunction, enhanced insulin secretion 
function, improve glucose metabolism and so on (Rossello et al., 
2019). Polysaccharides are long polymerized multi molecular 
substances linked by glycosidic bonds in monosaccharides, which 
are complex in structure and play a key role in the treatment 
of diabetes by altering the mechanism of the metabolic process 
through structural metabolism (Huang et al., 2012; Zhang et al., 
2019). In this study, we carried out a pharmacological analysis 
of polysaccharides from Chuju by detecting their influence on 
diabetic mice.

In the results, three Chuju polysaccharides (D1, D2 and 
D3) all have certain scavenging effects on DPPH free radical, 
hydroxyl and superoxide anion free radical. Furthermore, 
their clean effects are stronger than VE, but weaker than VC. 
The scavenging effects of three Chuju polysaccharides on hydroxyl 
free radical is D2 > D1 > D3. Moreover, the reducing force also 
shows similar results, indicating that Chuju polysaccharides 
have strong antioxidant activity. The histological structure of 
mice is dissected and analyzed combined with pathological 
sections. It can be seen that the three components of Chuju 
polysaccharide have a certain protective effect on the liver, 
which has a good protective effect on the kidney and pancreas. 
The stronger the antioxidant activity was, the more obvious the 
protective effect was.
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