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A B S T R A C T 

In the present study, we evaluated the hypoglycemic, hypolipidemic and anti-peroxidative effects of yam 

rice powder (YRP) derived from Tremella aurantialba on streptozotocin (STZ)-induced diabetic mice and 

diabetic patients. Diabetic mice were treated with ethanol extract of YRP (EEYR) at three doses or YRP for 

30 days. Diabetic patients were treated with ethanol extract solution of YRP (ESYR) for 4.5 months. Results 

indicated that EEYR administration significantly reduced levels of fasting blood glucose (FBG), serum 

fructosamine, total cholesterol, total triglyceride and malondialdehyde, and increased glucose metabolism 

velocities and superoxide dismutase level in the serum compared with diabetic controls (p<0.01). Moreover, 

ESYR could replace chemical drugs to control the FBG and postprandial blood glucose levels of diabetic 

patients. Our results suggested that YRP could enhance hypoglycemic, hypolipidemic and antioxidant 

properties in STZ-induced diabetic mice and diabetic patients. Collectively, YRP might be used as food to 

prevent or manage diabetes. 

 

 

 

                                                           © 2021 Zhicai Zhang & Feng Wang. Hosting by Science Repository. 

 

Introduction 

 

Yam rice powder (YRP) is prepared by solid-state fermentation of 

Tremella aurantialba using Chinese yam, rice and corn bran as 

feedstock. YRP contains biomedicine components, such as 

polysaccharides and saponins. T. aurantialba, a medical fungus, belongs 

to the so-called “jelly mushrooms” group that forms a gelatinous fruiting 

body. It has been proved that T. aurantiable is not poisonous, and it is 

used as food and medical drugs for thousands of years in many Asian 

countries due to its beneficial properties as follows, including immuno-

enhancing, anti-tumor, anti-hypoglycemic and anti-diabetic activities [1-

5]. In our previous research, the extract from T. aurantialba broth (TBE, 

its main component is saponin) can regulate plasma glucose of type 2 

diabetes in rats [6]. Furthermore, we have found that TBE and T. 

aurantialba mycelium polysaccharides (TMP) can reduce the blood 

glucose level (BGL) of the alloxan-induced diabetic mellitus rats, while 

TBE possesses stronger abilities to decrease the levels of total 

cholesterol (TC) and triglyceride (TG) in serum and enhance antioxidant 

capability [7]. 

 

Chinese yam is the leading form of food staple for millions of people in 

tropical and subtropical countries. It is a tuber of Dioscorea 

polygonoides. In China, the cultivation of yam has a long history for both 

edible and medical purposes. Yam is not only a common food regarded 

https://www.sciencerepository.org/journal-of-food-nutrition-and-metabolism
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as a tonic but also has been used for more than 2,000 years in traditional 

Chinese medicine for the treatment of diabetes, diarrhoea, asthma and 

other ailments (Chinese Pharmacopoeia, 2005 edition). Saponins or 

sapogenins, namely diosgenins, have been reported to be the active 

components of many yam species [8]. There are several reports showing 

the hypoglycemic effect of diosgenin in normal and diseased states [9-

11]. In the present study, we investigated the anti-diabetic effects of YRP 

and its ethanol extract. Our findings provided valuable insights into the 

mechanism underlying the anti-diabetic effects of YRP. 

 

Materials and Methods 

 

I Chemicals and Raw Materials 

 

YRP was kindly gifted by Zhenjiang Yemaikang Food-Biological Sci-

Technology Co., Ltd. and kept at room temperature under dry 

conditions. Streptozotocin (STZ) was purchased from Sigma-Aldrich 

(Shanghai, China). The diagnostic kits for fructosamine, TC, TG, 

superoxide dismutase (SOD) and malondialdehyde (MDA) were 

obtained from Rongsheng Biotechnology Co., Ltd. (Shanghai, China). 

The insulin determination kits were supplied by Shanghai Juchuang 

Medical-Tech Co., Ltd. (Shanghai, China). 

 

II Animals 

 

ICR mice, weighing 17.12 ± 1.51 g, were purchased from the Central 

Animal House, China Pharmaceutical University (Nanjing, China). The 

animals were housed in the steel cages at an ambient temperature of 22±2 

°C in a photoperiod-controlled room (light/dark 12/12 h) with a relative 

humidity of 45% to 55%. The animals were fed on a normal commercial 

chow diet consisting of 4.5% corn oil, 23% casein, 31.9% corn starch, 

30.4% sucrose, 5.3% cellulose, 1.2% vitamin complex and 3.7% mineral 

mixture. Water was freely available. This animal experiment was 

approved by Institutional Animal Care and Use Committee, Jiangsu 

University (ID: UJS-IACUC-2018051601). All animal-related 

operations were conducted in conformity with the institutional 

guidelines of the School of Medicine, Jiangsu University, China. 

 

III Extract of YRP 

 

Briefly, 500 g YRP was soaked in 6 L 50% ethanol in a 50-L stainless 

steel extractor tank for 24 h with continuous stirring at 150 rpm. 

Subsequently, the mixture was filtered with Whatman No. 1 filter paper. 

The filtrate was then centrifuged at 5,000 rpm at 20 °C. The supernatant 

was collected and concentrated under reduced pressure with a rotary 

evaporator to yield ethanol extract of YRP (EEYR). 

 

IV Ethanol Solution of YRP 

 

Briefly, 25 Kg YRP was soaked in 300 L 50% ethanol in a 500-L 

stainless steel extractor tank for 24 h with continuous stirring at 150 rpm. 

Subsequently, the mixture was filtered with Whatman No. 1 filter paper. 

The filtrate was centrifuged at 4,000 rpm at 20°C. The supernatant was 

collected and concentrated to 50 L to remove ethanol under reduced 

pressure. The concentrated liquid was set to 250 L and named as ethanol 

extract solution of YRP (ESYR). ESYR was sub-packaged into 450-mL 

food-grade plastic bottles at 400 mL per bottle and then autoclaved at 

80°C for 80 min. 

 

V Preparation of Animal Diet Containing YRP (ADYP)  

 

The ADYP was composed of 98.3% normal commercial chow diet and 

1.7% YRP. Additionally, 5% water was added to ADYP to prepare the 

chow diet. The diet was dried at 60 °C and then ADYP was sterilized by 

cobalt 60 irradiation at a dose of 35 kGy. 

 

VI Induction of Diabetes in Experimental Animals 

 

Mice were intraperitoneally injected with a freshly prepared solution of 

STZ in 0.1 mol/L citrate buffer (pH = 4.5) kept on ice at a dose of 160 

mg/kg body weight (bw). Since STZ injection can provoke fatal 

hypoglycemia as a result of the massive reactive release of pancreatic 

insulin, mice were also orally given 5 mL/kg bw of a 20% glucose 

solution after 6 h. After 8 days, fasting blood was drawn from the tail 

vein, followed by the determination of fasting blood glucose (FBG) 

levels. The mice with FBG levels exceeding 11 mmol/L were considered 

diabetic mice and selected for further study. All mice were not treated 

with insulin in this study. 

 

VII Experimental Design 

 

A total of 70 mice (10 normal mice and 60 STZ-induced diabetic mice) 

were evenly divided into seven groups. In the blank control group (BC), 

untreated mice were fed on a normal commercial chow diet and 

intragastrically administered an equivalent volume of 1% 

carboxylcellulose solution as blank control. In the negative control group 

(NC), STZ-induced diabetic mice were fed on a normal commercial 

chow diet and intragastrically administered an equivalent volume of 1% 

carboxylcellulose solution as the negative control. In the positive control 

group (PC), STZ-induced diabetic mice were fed on a normal 

commercial chow diet and intragastrically administered metformin at a 

dose of 150 mg/kg bw as the positive control. In the low-dose group 

(EEYR-LD), STZ-induced diabetic mice were fed on a normal 

commercial chow diet and intragastrically administered 7 mg/kg bw 

EEYR. In the middle-dose group (EEYR-MD), STZ-induced diabetic 

mice were fed on a normal commercial chow diet and intragastrically 

administered 14 mg/kg bw EEYR. In the high-dose group (EEYR-HD), 

STZ-induced diabetic mice were fed on a normal commercial chow diet 

and intragastrically administered 28 mg/kg bw EEYR. 

 

In the YRP group (YRP), STZ-induced diabetic mice were fed on a diet 

containing YRP and intragastrically administered an equivalent volume 

of 1% carboxylcellulose solution. EEYR was dissolved in 1% 

carboxylcellulose. All tested animals were administered once every day 

for 30 consecutive days. At the end of the experimental period, the mice 

were anaesthetised with ketamine following a 12-h food deprivation, and 

blood samples were drawn from the orbital sinus. The blood was 

collected in a heparin-coated tube and centrifuged at 4,000×g for 15 min 

at 4°C to obtain serum samples. These serum samples were stored at -70°C 

prior to the determination of insulin, fructosamine, TG, TC and MDA 

levels, as well as SOD activities. 
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VIII Effect of FBG Level 

 

After mice fasted for 6 h, FBG levels were determined using a blood 

glucose meter (ACCU-Check blood glucose meter, Roche Diagnostics, 

Shanghai, China) before grouping and on 10th, 20th and 30th day.  

 

IX Oral Glucose Tolerance Test (OGTT) 

 

After 12-h fasting on the day of animal sacrifice, FBG levels of all mice 

were determined using a blood glucose meter. Glucose (2 g/kg) was 

orally administered, and BGLs were monitored using a blood glucose 

meter at 0, 30, 60 and 120 min.  

 

X Analytical Methods 

 

The polysaccharide and saponin contents of YRP, EEYR and ESYR 

were determined by the colorimetric method [12, 13]. The insulin, 

fructosamine, TC, TG, SOD and MDA levels in the serum of diabetic 

mice were determined using their corresponding colorimetric assay kits 

according to the manufacturer’s instructions. 

 

XI Hypoglycemic Effect of ESYR on Diabetic Patients 

 

The study was approved by Henan Medical Ethics Committee and 

conducted in the Songxian People's Hospital of Henan Province, China. 

A total of 100 volunteer diabetic patients, including 21 females and 79 

males, were selected as research subjects. The average age of these 

patients was 53.5 years, and the average diabetes time was 6.2 years. All 

diabetic patients were orally administered some hypoglycemic drugs 

before clinical trials. The experimental time was 6.5 months, of which 

the YRP administration period was 4.5 months and the observation 

period was 2 months. When all patients took ESYR, the hypoglycermic 

drugs were administered at the half dose during the first 15 days and 

were completely stopped in the following 4 months. All patients took 

ESYR on an empty stomach in the morning at a dose of 80 mL per day. 

The determination indices were FBG and postprandial blood glucose 

(PBG) at regular intervals during the trial period. 

 

Results and Discussion 

 

I Biomedical Component Analysis of YRP, EEYR and ESYR 

 

EEYR and ESYR were extracted from YPR with 50% ethanol. 

Regression equation of polysaccharide analysis was as follows: C = 

1.399A+0.003, R2 = 0.998. C is the polysaccharide concentration, and A 

is the absorbance. R2 (0.998) showed that there was a better linear 

correlation between 0.1 and 0.8 mg/mL polysaccharide concentration. 

Quantitative analysis indicated that the contents of YRP, EEYR and 

ESYR were up to 6.164 mg/g, 78.3 mg/g and 6.34 mg/mL, respectively. 

Regression equation of saponin analysis using ginsenoside R1 as 

standard reagent was as follows: C = 3.0695A+0.0107, R2 = 0.994. C is 

the saponin concentration, and A is the absorbance. R2 (0.994) showed 

that there was a better linear correlation between 0.1 and 0.5 mg/mL of 

ginsenoside R1 concentration. Quantitative analysis indicated that the 

contents of YRP, EEYR and ESYR were up to 0.842 mg/g, 25.6 mg/g 

and 2.57 mg/mL, respectively. In view of the high contents of 

polysaccharides and saponins of YRP, we studied the possibility of using 

YRP as a hypoglycermic food. 

 

II Effect of EEYR and YRP on the BW 

 

STZ-induced diabetic mice showed a significant decrease in bw during 

the 30-day period (NC group) compared with the BC group (p<0.01). In 

contrast, the bw of diabetic mice treated with metformin, EEYR or YRP 

for 30 days was significantly increased compared with the NC group 

(Table 1, p<0.01). The significant reduction in total bw of animals could 

be attributed to the lipid consumption of adipose tissue and the 

destructive metabolism of amino acids in muscle tissue. 

 

Table 1: Effect of YRP on the body weight of diabetic mice (g). 

Group 0 10d 20d 30d 

BC 18.98±2.63 20.66±2.50 23.02±2.57 24.84±1.90 

NC 18.56±2.74 18.80±2.25 18.88±1.65** 19.08±1.78** 

PC 18.88±2.81 20.29±2.45 21.53±2.48## 23.12±2.59## 

EEYR-LD 18.76±2.85 19.77±3.06 20.63±3.11 21.57±3.16** 

EEYR-MD 18.67±2.70 19.88±2.79 21.06±2.67 22.02±2.53**## 

EEYR-HD 18.77±2.98 20.49±3.02 22.32±2.86## 23.52±2.10## 

YRP 18.79±2.97 19.56±2.70 20.67±2.52 22.54±2.29**## 
a Values are expressed as means ± SD (n = 10); * As compared with BC group: p<0.05, ** As compared with BC group: p<0.01; # As compared with NC 

group: p<0.05, ## As compared with NC group: p<0.01. 

 

III Effect of EEYR and YRP on the FBL and Blood 

Fructosamine in Diabetic Mice 

 

An abnormal increase of FBG is the key index for the identification of 

diabetes. Therefore, lowering the FBG of diabetic patients can decrease 

their complications [14]. The conventional therapies for diabetes have 

many shortcomings, such as side effects and a high rate of secondary 

failure. Dietary treatment of diabetes is characterized by safety and non-

toxic side effects, and it has received extensive attention in recent years. 

Table 2 presents the FBG trends of mice in all groups over 30 days. 

Compared with the BC group (normal control mice), STZ-induced 

diabetic mice (all experimental groups) exhibited significantly increased 

FBG levels (p< 0.01) after 8 days of STZ injection. Before 

administration, no difference in FBG levels among all experimental 

groups was observed. During the entire administration period, the FBG 

levels of the two groups (BC and NC) were not significantly changed 

(p>0.05). After 20 days of administration, the FBG levels of EEYR-MG, 

EEYR-HG, PC and YRP groups were significantly decreased compared 

with the NG group. After continuous treatment for 30 days, the FBG 

levels of PC, EEYR-LG, EEYR-MG, EEYR-HG and YRP groups were 
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significantly decreased (p<0.01) from 20.33 to 15.82 mmol/L, from 

20.38 to 18.30 mmol/L, from 20.34 to 17.00 mmol/L, from 20.39 to 

14.79 mmol/L and from 20.34 to 15.49 mmol/L, respectively. 

Obviously, the EEYR showed hypoglycemic effects in a dose-dependent 

manner.  

 

Table 2: Effect of EEYR and YRP on the blood sugar levels of diabetic mice (mmol/L). 

Group 0 10d 20d 30d 

BC 6.12±0.25 6.18±0.21 6.24±0.19 6.27±0.11 

NC 20.31±2.70** 20.63±2.59** 21.01±2.83** 21.20±2.93** 

PC 20.33±2.67** 18.46±2.65** 17.11±2.86**## 15.82±3.08**## 

EEYR-LD 20.38±2.64** 20.18±2.76** 19.23±2.70** 18.30±2.87**## 

EEYR-MD 20.34±2.68** 19.46±2.63** 18.02±2.50**# 17.00±3.44**## 

EEYR-HD 20.39±2.65** 18.00±2.68** 16.46±3.38**## 14.79±2.56**## 

YRP 20.34±2.61** 18.51±3.34** 16.98±3.05**## 15.49±3.05**## 
a Values are expressed as means ± SD (n = 10); * As compared with BC group: p<0.05, ** As compared with BC group: p<0.01; # As compared with NC 

group: p<0.05, ## As compared with NC group: p<0.01. 

 

The fructosamine is the non-enzyme glycation product of serum protein. 

The higher BGLs, the higher blood fructosamine levels. The serum 

fructosamine level is an effective indicator for blood glucose level in the 

past 1-3 weeks from the time point of analysis. After administration for 

30 days, the serum fructosamine levels of the NC group (3.362±0.073 

mmol/L) were significantly higher than those of the BC group 

(2.579±0.030 mmol/L) (p<0.01) (Figure 1). The serum fructosamine 

levels of all EEYR groups and the YPR group were lower than those of 

the NC group (p<0.01). The results further proved that EEYR and YRP 

possessed hypoglycemic effects.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of EEYR and YRP on serum fructosamine levels in STZ-induced diabetic mice. 

Values are expressed as means ± SD for 10 mice in each group. Compared with BC group, * p<0.05, ** p< 0.01. Compared with NC group, # p<0.05, ## 

p<0.01. 

 

IV Effect of EEYR and YRP on the OGTT and Serum Insulin 

Levels 

 

OGTT was performed to evaluate the effects of EEYR and YRP on 

insulin secretion in mice and blood glucose metabolism velocity, and 

serum insulin levels were determined. After 2 h of oral glucose 

administration (2 g/kg), the higher the BGL, the slower the blood glucose 

metabolism velocity. The slower blood glucose metabolism velocity 

indicated that the glucose tolerance level was decreased. Table 3 shows 

that the BGLs of all experimental groups reached the peak values, and 

no significant differences between experimental groups were found after 

0.5 h of oral glucose administration. However, after 2 h of oral glucose 

administration, the BGLs of PC, EEYR-HG and YRP groups were 

significantly decreased compared with the NC group (Table 3). 

Therefore, EEYR-HG and YRP could rapidly reduce serum glucose 

concentration and improve the glucose tolerance and glucose 

metabolism velocity of diabetic mice. The analysis of serum insulin 

levels (Figure 2) displayed that the serum insulin level of the NC group 

(67.49±3.53 μU/mL) was obviously lower than that of the BC group 

(76.39±2.13 μU/mL) (p<0.01). 
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Table 3: Effect of YRP on the glucose tolerance tests of diabetic mice (mmol/L). 

Group 0 30 min 60 min 120 min 

BC 6.27±0.11 8.58±0.44 7.38±0.33 6.35±0.20 

NC 21.20±1.93 28.81±1.76 27.41±1.30 26.05±2.16 

PC 15.82±1.08 29.46±2.37 26.07±2.30 22.23±2.46## 

LD 18.30±1.87 30.24±2.91 28.18±2.48 26.24±2.86 

MD 17.00±1.44 30.41±3.10 28.26±2.73 25.39±2.60 

HD 14.79±1.56 27.92±3.11 25.21±2.20 21.86±2.58## 

YRP 15.49±1.05 28.68±2.41 24.82±2.12 21.44±2.47## 
a Values are expressed as means ± SD (n = 10); * As compared with BC group: p<0.05, ** As compared with BC group: p<0.01; # As compared with NC 

group: p<0.05, ## As compared with NC group: p<0.01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of EEYR and YRP on serum insulin levels in STZ-induced diabetic mice. 

Values are expressed as means ± SD for 10 mice in each group. Compared with BC group, * p<0.05, ** p<0.01. Compared with NC group, # p< 0.05, ## 

p<0.01. 

 

The result could be explained by that the STZ injection selectively 

destroyed β-cells in the pancreatic islets and further inhibited insulin 

secretion by the pancreas. After administration, the serum insulin level 

of the PC group (79.17±2.62 μU/mL) was significantly higher than that 

of the NC group, while the serum insulin level of EEYR-LD, EEYR-

MD, EEYR-HD and YRP groups was not significantly increased (Figure 

2). These results were consistent with our previous findings [15]. Similar 

results have also been reported earlier by T. aurantialba broth in vivo 

[16]. The decrease of serum glucose concentration depends on serum 

insulin levels and glucose metabolism velocity. In view of no significant 

increase in serum insulin levels after administration of EEYR and YRP, 

we deduced that EEYR and YRP decreased the FBG levels by increasing 

glucose metabolism velocity instead of increasing serum insulin levels. 

 

V Effect of EEYR and YRP on the Lipid Metabolism 

 

Under diabetic conditions, abnormal lipid metabolism always leads to 

the increase of plasma TC, TG, low-density lipoprotein cholesterol 

(LDL-C) and very-low-density lipoprotein cholesterol (VLDL-C) levels 

and a decrease of high-density lipoprotein cholesterol (HDL-C) level. 

Over-high levels of TC, TG, LDL-C and VLDL-C are considered as key 

risk factors for cardiovascular diseases, such as coronary disease and 

atherosclerosis [17-21]. However, HDL-C plays a key role in reducing 

the risk of cardiovascular disease [22, 23]. Figures 3A & 3B present that 

STZ injection markedly elevated the levels of plasma lipids, including 

TC and TG, from 5.418±0.454 mmol/L and 2.118±0.231 mmol/L of the 

BC group to 7.765±0.460 mmol/L and 3.1±0.195 mmol/L of the NC 

group, respectively (p<0.01). However, the levels of plasma TG and TC 

were significantly reduced in diabetic mice administered with low, 

middle and high doses of EEYR and YRP (p<0.01). This finding 

indicated that treatment of EEYR and YRP for 30 days markedly 

decreased the serum TC and TG levels in diabetic mice, suggesting that 

YRP had a beneficial effect on dyslipidemia. Our previous investigation 

has supported the present result. In the previous study, TBE and TMP 

can reduce the serum TC and TG levels of alloxan-induced diabetic mice 

[7]. Therefore, the reduction of FBG levels and serum lipid levels in the 

EEYR and YRP groups revealed the hypoglycemic and hypolipidemic 

activities of YRP. 
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Figure 3: Effect of EEYR and YRP on serum A) TC and B) TG levels in STZ-induced diabetic mice. 

Values are expressed as means ± SD for 10 mice in each group. Compared with BC group, * p<0.05, ** p<0.01. Compared with NC group, # p<0.05, ## 

p<0.01. 
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The administration of EEYR and YRP significantly decreased serum TG 

and TC in diabetic mice. Moreover, other researchers have also reported 

that the administration of TMP to STZ-induced diabetic mice or diet-

induced hyperlipidemic mice decreases the serum TC and TG levels 

compared with controls [4, 24]. The cholesterol-lowering property of 

EEYR could be attributed to several factors like some components of 

EEYR and YRP may act as inhibitors for some enzymes such as 

hydroxyl methyl glutaryl CoA reductase, which participates in 

cholesterol synthesis; these components reduce the absorption of 

cholesterol from the intestine or increase the glucose metabolism 

velocity which in turn inhibits lipid synthesis or reduces lipid 

peroxidation. 

 

 

VI Effect of EEYR and YRP on Lipid Peroxidation (LPO) 

 

MDA is one of the major products of LPO. MDA has often been used as 

a marker of LPO and oxidative stress, and the determination of MDA 

level can reflect the degree of antioxidant activity [25, 26]. In the present 

study, the serum MDA level of the NC group (10.43±0.498 mmol/L) was 

higher than that of the BC group (6.838±0.364 mmol/L) (Figure 4). 

Administration of EEYR or YRP significantly reduced the serum MDA 

level with the increase of dosage compared with the NC group (p<0.01). 

The LPO level in cells is controlled by various internal cellular defense 

mechanisms, including enzymatic and non-enzymatic scavenger 

systems. These defense mechanisms are altered in diabetes [27, 28]. The 

scavenging ability of free radicals may directly determine the extent of 

tissue injury. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of YRP on the levels of MDA in the plasma of diabetic mice. 

Values are expressed as means ± SD for 10 mice in each group. Compared with BC group, * p<0.05, ** p<0.01. Compared with NC group, # p<0.05, ## 

p<0.01. 

 

The increased serum MDA content of STZ-treated animals (NC group) 

could be attributed to the increased levels of oxygen-free radicals. The 

increased levels of oxygen-free radicals result in the peroxidation of 

membrane phospholipids, further changing the permeability, leading to 

a loss of membrane integrity and finally resulting in their cytotoxic effect 

[29, 30]. Treatment of EEYR or YRP for 30 days significantly decreased 

the serum MDA level in diabetic mice compared with the NC group. The 

reduction of MDA levels could enhance the antioxidant activity of 

animals. Our previous studies have demonstrated that TBE and TMP 

have anti-peroxidative properties [7]. Our results were in agreement with 

Rajesh et al. and Peipei et al., in which the level of lipid peroxides in the 

plasma of diabetic rats is increased [31, 32]. 

VII Effect of EEYR and YRP on SOD 

 

Excess reactive oxygen species (ROS) is considered as one of the 

principal reasons for STZ-induced oxidative damage, particularly in the 

liver and kidney [33]. Cells scavenge ROS by enzymatic and non-

enzymatic antioxidant systems. The primary antioxidant enzymes, 

including SOD, catalase and GSH-Px, play a foundational role in 

defense against ROS in the body [34]. Intracellular SOD has been shown 

to play a pivotal role in protecting human leukemic and cancer cells 

against oxygen free radicals, anticancer drugs and radiation [35]. Figure 

5 shows that the SOD level was significantly decreased in the serum of 

STZ-induced diabetic mice (NC group, 135.16±5.970 mU/L) compared 
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with the BC group (182.86±8.355 mU/L) (p<0.05). After the 30-day 

treatment of EEYR at different doses or YRP, the serum SOD levels 

were all significantly increased (p<0.01). The result was consistent with 

our previous findings [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Effect of YRP on the SOD activities in the plasma of diabetic mice. 

Values are expressed as means ± SD for 10 mice in each group. Compared with BC group, * p<0.05, ** p<0.01. Compared with NC group, # p<0.05, ## 

p<0.01. 

 

VIII Clinical Trials of YRP Hypoglycemic Effects on Diabetic 

Patients 

 

To explore the hypoglycemic effects of YRP on diabetic patients, FBG 

and PBG levels of diabetic patients were determined at regular intervals 

during the trial period (Additional file 1 and Table 4). Figure 6 shows 

the statistical analysis of FBG and PBG data. The Additional file 1 shows 

that the FBG levels of 72 diabetic patients and PBG levels of 73 diabetic 

patients were decreased at various degrees, and the FBG and PBG levels 

of other 28 diabetic patients were nearly stable compared with their FBG 

and PBG levels before ESYR administration instead of chemical drug 

administration. Figure 6 exhibits that the average FBG and PBG levels 

of 100 diabetic patients were decreased from 8.038 mmol/L and 9.912 

mmol/L before ESYR administration to 7.261 mmol/L and 8.498 

mmol/L, respectively. During the trial period, a small increase in FBG 

and PBG levels was found after 15 days of ESYR administration. 

Although no significant differences in FBG and PBG levels before and 

after ESYR administration were found and these diabetic volunteers all 

took other chemical drugs, we believed that the clinical trials confirmed 

the hypoglycemic activities of ESYR. Because EEYR and ESYR were 

ethanol extracts of YRP, our findings confirmed that YRP possessed 

hypoglycemic activities, evidenced by both the animal test and clinical 

test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Effect of ESYR on FBG and PBG levels of diabetic patients. 
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Table 4: The biomedical components content of YRP, EEYR and 

ESYR. * The content of saponin was calculated as ginsenoside R1. 

Sample Polysaccharide Saponin* 

YRP (mg/g) 6.164 0.842 

EEYR (mg/g) 78.3 25.6 

ESYR (mg/mL) 6.34 2.57 

 

Conclusion 

 

Collectively, our study demonstrated the better hypoglycemic effect of 

YRP on STZ-induced diabetic mice and diabetic patients. Specifically, 

YRP reduced the FBG and PBG levels in diabetic mice and diabetic 

patients. YRP decreased serum TC, TG and MDA levels and increased 

the serum SOD activities in diabetic mice. YRP could not increase the 

serum insulin levels. The significantly increased PBG level and fairly 

stable serum insulin level confirmed that YPG decreased the FBG level 

by increasing glucose metabolism velocity but not insulin sensitivity. 

Taken together, we showed that YRP could be used as a promising anti-

diabetic food in the management of diabetes. 
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