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Abstract: To investigate the effects of Polysaccharide MDG-1 from Ophiopogon japonicus on
glucose and blood lipid, insulin resistance and the levels of inflammatory factors in T2DM rats. The
T2DM rat model induced by intravenous injection small dosage of streptozotocin(STZ) and feeding
high fat-high glucose diet. The rats whose glucose level>11.1mmol-L™* were randomly divided into
5 groups(n=10 in each): model group, glibenclamide group, Polysaccharide MDG-1 from
Ophiopogon japonicus of high dose, medium dose and low dose. Five weeks later, to detected the
FBG, blood lipid, TG, CHOL, HDL-C and LDL-C, INS, TNF-o and CRP in the serum were
detected by the method of radioactive immunoassay, and accordingly INS and FBG, the insulin
resistance indexes (HOMA-IR) were figured out. Compared with model group, the FBG and TG
level in rats of high dose group of MDG-1 could were decreased with significantly, and the levels of
INS and HOMA-IR were decreased, HDL was increased. The levels of TNF-a, CRP in the serum
were significantly down-regulated in high dose group of MDG-1. Polysaccharide MDG-1 from
Ophiopogon japonicus can decrease glucose, blood lipid and improve insulin resistance in T2DM
rats by decreasing the levels of inflammatory factors of TNF-a and CRP.

1. Introduction

Ophiopogon japonicus is a perennial evergreen grass plant of the genus Liliaceae. It is sweet,
slightly bitter, slightly cold, and return to heart, lung, stomach meridian. It has the effects of
nourishing Yin and moistening the lungs, improving the stomach and promoting fluid, clearing the
heart and removing annoyance!). Which clinical mainly be used in dry cough, laryngopharyngeal
pain, dry mouth injury, internal heat and thirst, intestinal dry constipation and other diseases. The
research results showed that ophiopogon japonicus contains many types of active ingredients which
include polysaccharides, saponins, flavonoids and volatile oils, and so on. For the past few years,
researchers found that ophiopogon japonicus alcohol extract, ophiopogon japonicus water extract
and polysaccharide whom could reduce the level of blood glucose of diabetic model animals, to
alleviate and reduce insulin resistance in diabetic patients and improve the level of serum insulin!?.

Polysaccharide MDG-1 is a kind of B-D-fructan with a uniform molecular weight which be
separation and purification from polysaccharides of ophiopogon, the molecular mass of phase pair
is about 5,000%!. Previous studies have shown that MDG-1 has some effects of reduce the level of
blood glucose and improve insulin resistance, but its mechanism is still unclear.

The purpose of study was to observe the effects of Polysaccharide MDG-1 on blood glucose,
blood lipids, insulin resistance and inflammatory factors of serum in diabetic rats whom be induced
by injection of STZ and feed high-fat and high-sugar diet, it provides theoretical basis for further
exploring the hypoglycemic mechanism of MDG-1 and developing new hypoglycemic drugs.
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2. Materials and methods
2.1 Animals.

A total of 70 SPF SD rats, half of each are male and female, and their weight were 200 + 20g,
whom were conventional breed in barrier environment, eating and drinking with free state. Water
and feed were irradiation and sterilized by 60 Co, 12h/12h dark cycle!™.

2.2 Reagents and instruments.

STZ, Glyburide(2.5mg), MDG-1 (purity of 99%). Four biochemical kits for blood lipid, insulin
free kit, C-reactive protein (CRP) and tumor necrosis factor a. (TNF-a) ria kit, they were all Takara.

2.3 Modeling, Grouping and administration.

Rats be randomized after suitability feeding for a week, control group rats were 10 whom be fed
normal diet, and to be made in the model group rats were 60 whom be fed high-fat and high-sugar
diet. The rats were fed four weeks, intraperitoneal injection the STZ for 35mg-kg™ which be used to
make the model®. STZ contains citric acid and sodium citrate buffer solution (PH4.4) and the ratio
was 1:1.32[°. Rats were not prohibit drinking but fasted for 12h before intraperitoneal injection the
STZ, the values of FBG concentration were measured on 96 h after administration. The success
criteria of in T2DM rats is the blood glucose level>11.1 mmol-L ™" 8 After testing, a total of 55
rats were produced model with successfully, the blood sugar of control group rats were normal.

After the models were made with successfully, according to the values of FBG concentration, the
rats were randomly divided into diabetic model group, glibenclamide group and Polysaccharide
MDG-1 groups of high dose, medium dose and low dose, each group is 10. Each group rats be
continued to give high-fat and high-sugar diet for two weeks in order to consolidate the model.
Initiation of administration after the model was made with successfully, control group and diabetic
model group rats be given equal volume saline with 20ml-kg™ with intragastric gavage,
glibenclamide group rats be given with 0.0003g-kg™ with intragastric gavage, Polysaccharide
MDG-1 groups of high dose, medium dose and low dose rats be given MDG-1 aqueous solution
with 0.4, 0.2, 0.1g-kg™ respectively, intragastric administration once per day and continued for 7
weeks, during this time, the rats of each group no death.

2.4 Draw Materials.

After the last administration, fasting 10h, FBG was determined by blood samples taken from
severed tail rats, the rats were decapitated after anesthesia with 10% chloral hydrate in 3ml-kg™ and
collected blood, the blood were left at room temperature for 2h, then, were put into the centrifuge
with 3500 revolutions per minute and work for 10m, select serum which be preserved in -20°C
temperature for detection and analysis.

2.5 Detection indicators.

FBG and INS were measured with glucometer and test paper, TNF-a and CRP were measured by
radioimmunoassay, and TG, TC,HDL-C,LDL-C were measured by automatic biochemical analyzer.
Insulin resistance index: HOMA-IR = (FBGxINS)/22.55!,

2.6 Statistical Analysis.

Using SPSS 17.0 software for statistical analysis of the obtained data, the results of the indicators
were expressed by x#s, significance test using the t test and ANOVA. With P<0.05 was considered
statistically significant and P<0.01 as statistically significant difference.

3. Results
3.1 Effects of Polysaccharide MDG-1 on FBG, INS and HOMA-IR in rats.

Compared with the control group, FBG increased significantly in the model group rats (P<0.01).
Compared with the model group, FBG decreased in the glibenclamide group rats (P<0.05), and
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FBG decreased significantly in the high-dose group rats of Polysaccharide MDG-1 (P<0.01). The
results indicated that Polysaccharide MDG-1 could reduce blood glucose in rats. Compared with the
control group, INS increased significantly in the model group rats (P<0.01). Compared with the
model group, INS decreased in both glibenclamide group rats and high-dose group rats of
Polysaccharide MDG-1(P<0.05). The results indicated that Polysaccharide MDG-1 could reduce
concentration of insulin in rat serum.

Compared with the control group, HOMA-IR increased significantly in the model group
rats(P<0.01). Compared with the model group, HOMA-IR decreased in both glibenclamide group
rats and high-dose group rats of Polysaccharide MDG-1, the results showed that Polysaccharide
MDG-1 could alleviate insulin resistance. Although both the Polysaccharide MDG-1 of medium
dose and low dose groups had some effects on FBG, INS and HOMA-IR, the difference was not
statistically significant. Shown in table 1.

Table 1 Effects of Polysaccharide MDG-1 on FBG, INS, HOMA-IR in rats(xzs)

Groups n Dose/g (mL)-kg? FBG(mmol-L™Y)  INS(mU-L™?) OMA-IR
Control group 10 20 4.45%0.62 57.50+16.04 13.68+2.18
Model group 10 20 23.14+2.08°  145.21+22.57° 148.56+31.33"
Glibenclamide group 10  0.0003  14.02+2.16°  122.49+20.11° 119.50+22.27°
Polysaccharide 10 0.4 12.32+42.10°  109.58+20.53" 108.25+21.45°
MDG-1group 10 0.2 19.50+1.98  135.64+18.05 134.71+23.18

10 0.1 19.66+2.07 140.22+21.18 141.90+24.32

Note: compared with the control group, *P<0.01; compared with the model group, °P<0.05, °P<0.01
3.2 Effects of Polysaccharide MDG-1 on serum lipid level in rats.

Compared with the control group, the serum CHOL content and TG level increased significantly
in the model group rats(P<0.01). Compared with the model group, TG level decreased
(significantly) in the glibenclamide group rats and high-dose group rats of Polysaccharide
MDG-1(P<0.05, P<0.01), respectively. Compared with the control group, HDL-C level decreased
significantly in the model group rats(P<0.01). Compared with the model group, HDL-C level
increased in the glibenclamide group rats and high-dose group rats of Polysaccharide
MDG-1(P<0.05). Compared with the control group, LDL-C level increased significantly in the
model group rats(P<0.01). Shown in table 2.

Table 2 Effects of Polysaccharide MDG-1 on serum lipid level in rats (xs)(mmol-L™)

Groups n Dose/g (mL)-kg? CHOL TG HDL-C LDL-C
Control group 10 20 1.57+0.21 0.66+0.12 0.69+0.03  0.62+0.10
Model group 10 20 12.44+2.24* 4,53+1.25% 0.39+0.10*  8.16+2.05°
Glibenclamide group 10 0.0003 8.13+2.50  2.48+0.70° 0.60+0.11°  7.52+2.11
Polysaccharide 10 0.4 8.26+2.37  2.07+0.81°0.61+0.12° 6.96+2.21
MDG-1group 10 0.2 10.47+2.18 3.66+1.04 0.42+0.10 7.50+2.48

10 0.1 11.39+3.01 3.95+1.28 0.40+0.14  7.61+2.37

Note: compared with the control group, 2P<0.01; compared with the model group, °P<0.05, °P<0.01
3.3 Effects of Polysaccharide MDG-1 on TNF-a and CRP in rats.

Compared with the control group, the serum TNF-a level increased significantly in the model
group rats(P<0.01).Compared with the model group, TNF-a level decreased (significantly) in the
glibenclamide group rats and high-dose group rats of Polysaccharide MDG-1(P<0.05,P<0.01),
respectively. The results showed that Polysaccharide MDG-1 could reduce the content of TNF-a in
serum.

Compared with the control group, the serum CRP level increased significantly in the model
group rats(P<0.01). Compared with the model group, CRP level both decreased significantly in the
glibenclamide group rats and high-dose group rats of Polysaccharide MDG-1(P<0.01). Compared
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with the model group, CRP level decreased in the medium-dose group rats of Polysaccharide
MDG-1(P<0.05). The results showed that Polysaccharide MDG-1 could reduce the content of CRP
in serum. Shown in table 3.

Table 3 Effects of Polysaccharide MDG-1 on TNF-a and CRP in rats (x+s)(ng-mL™)

Groups n Dose/g (mL)-kg ™ TNF-o CRP
Control group 10 20 8.54+2.18 1.12+0.15
Model group 10 20 15.09+2.25% 2.57+0.41%
Glibenclamide group 10 0.0003 10.77+2.51° 1.37+0.29°
Polysaccharide 10 0.4 9.26+2.07° 1.41+0.33°
MDG-1 group 10 0.2 12.66+3.01 1.65+0.36"
10 0.1 12.97+2.43 1.88 £0.40

Note: compared with the control group, *P<0.01; compared with the model group, °P<0.05, °P<0.01

4. Discussion

In recent years, with the socio-economic development, population aging or lifestyle changes, the
incidence of diabetes mellitus has increased, and it has become a global public health problem.
Epidemiological survey results show that T2DM accounts for 90% of diabetic patients[10,11].

The pathogenesis of T2DM is mainly pancreatic B cell dysfunction and insulin resistance,
Among them, insulin resistance is one of the main intrinsic driving factors of T2DM occurrence,
accompanied by the development of the whole disease. A huge mass research data showed that
chronic inflammatory reaction plays a key role in the occurrence and development of insulin
resistance[12]. Therefore, anti-inflammatory therapy can effectively improve the abnormal
metabolism of glucose and lipid in diabetic patients and increase insulin sensitivity. At present, the
main involved inflammatory factors in insulin resistance of T2DM include tumor necrosis TNF-a,
interleukin-6, CRP, serum amyloid A, etc[13-18]. In this study, inflammatory factors TNF-a and
CRP were taken as entry points to further explore the mechanism of Polysaccharide MDG-1 for
treatment of T2DM.

The results showed that the diabetic rats induced by STZ injection combined with high-fat and
high-sugar diet whose had abnormally high blood glucose and blood lipids levels, decreased insulin
sensitivity, and the levels of inflammatory factors TNF-a and CRP increased in serum. After
adjustment for high doses of Polysaccharide MDG-1, the blood glucose value of diabetic rats
decreased, the serum insulin content decreased, the dyslipidemia was improved, increased of insulin
sensitivity, decreased of inflammatory factors TNF-a, CRP content in serum. Although the medium
dose group of polysaccharide MDG-1 could reduce the content of CRP, it has no significant
therapeutic effect on improving the abnormal conditions such as blood glucose and blood lipid.

5. Conclusion

According to the experimental results, it can be inferred that Polysaccharide MDG-1 can
effectively improve insulin resistance in type 2 diabetic rats, and play a role in the treatment of
diabetes from reducing blood glucose and regulating blood lipid. It is believed that its mechanism of
action is anti-inflammatory, which opens up a new way to find new antidiabetic drugs. The
mechanism of action at the deeper molecular level needs further exploration and research.

References

[1] Zzhang LX, Zhou XQ, Li DK, et al. Research progress on chemical composition, analytical
methods, and pharmacological effects of Ophiopogon polysaccharides. Drug Evaluation Research.
40(2017)279-284.

[2] Wang Y, Wang S, Wang LY, et al. Hypoglycemic Effects of Polysaccharide MDG-1 from

--185--



Ophiopogon japonicus on Diabetes Model Mice. Acta Universitatis Traditionis Medicalis Sinensis
Pharmacologiaeque Shanghai. 25(2011)66-70.

[3] Fan L. Research on Economic Effect of Wind Power Accommodation Based on Electric Boiler
and Heat Accumulator[J]. Journal of Applied Science and Engineering Innovation, 2018, 5(2):
55-58.

[4] Ministry of Science of People's Republic of China. Guidance Note for Care of Laboratory
Animals[Z]. 2006-09-30.

[5] Chen YX, Wei JB. Research advance of type 2 diabetes complications rat models induced by
streptozotocin. Chinese Journal of Comparative Medicine. 23(2013)63-66.

[6] Wang GH, Zhu H, Yong WU, et al. Hypoglycemic and Hypolipidemic Effects of Xiaoke
Capsules on Type 2 Diabetic Rats. Chinese Journal of Experimental Traditional Medical Formulae.
20(2014)171-174.

[7] WU ZQ, Hao GM, Xue XX. Research on the effect of Gegenginlian Decoction on type 2
diabetic model. Global Traditional Chinese Medicine. 7(2014)161-167.

[8] Pan Q, Zhao HH, Chen JX, et al. Research on characteristic and syndrome of type 2 diabetic rat
models induced by streptozotocin. China Journal of Traditional Chinese Medicine & Pharmacy.
26(2011)683-685.

[9] Zhang JQ. HOMAZ2-IR is a good basal insulin resistance index. Chinese Journal of
Endocrinology & Metabolism. 21(2005)304-305.

[10] Wu H, Meng X, Wild SH, et al. Socioeconomic status and prevalence of type 2 diabetes in
mainland China, Hong Kong and Taiwan: a systematic review. J Glob Health.7(2017)011103.

[11] Chellapan DK, Sheng YW, Bt ASNA, et al. Current therapies and targets for type 2 diabetes
mellitus: a review. Panminerva Med. 60(2018)117-131.

[12] Hu FB, Meigs JB, Li TY, et al. Inflammatory markers and risk of developing type 2 diabetes in
women. Diabetes. 53(2004)693-700.

[13] Liu H, Li X. Research on Long-term Incentive Effect of Local Government Environmental
Protection[J]. Journal of Applied Science and Engineering Innovation, 2018, 5(2): 42-46.

[14] Sun WL, Chen LL, Zhang SZ, et al. Inflammatory cytokines, adiponectin, insulin resistance
and metabolic control after periodontal intervention in patients with type 2 diabetes and chronic
periodontitis. Intern Med. 50(2011) 1569-1574.

[15] Zhao JX, Wang SD, Huang WJ. Review of TCM Treatment for Diabetes and Its Complications.
World Chinese Medicine. 12(2017)10-15.

[16] Xu Y, Wang L, He J, et al. Prevalence and control of diabetes in Chinese adults. JAMA.
310(2013): 948-959.

[17] Takano M, Nishihara R, Sugano N, et al. The effect of systemic anti-tumor necrosis
factor-alpha treatment on Porphyromonas gingivalis infection in type 2 diabetic mice. Arch Oral
Biol. 55(2010)379-384.

[18] Levitt KLE, Bacha F, Gidding SS, et al. Lipid Profiles, Inflammatory Markers, and Insulin
Therapy in Youth with Type 2 Diabetes. J Pediatr. 196(2018)208-216.

--186--





