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Abstract: The present study aimed to evaluate the anti-diabetic property of peanut shell polyphenol extracts (PSPEs). 
Diabetic rats were oral-administrated with PSPE at doses of 50, 100, and 200 mg/kg body weight (BW) per day for 28 
consecutive days, with metformin (Met) as a positive control. The results showed that, similar to the Met treatment, 
administration of PSPE caused significant decreases in food intake, water intake, fasting blood glucose, total cho-
lesterol, triglyceride, low-density lipoprotein cholesterol, and methane dicarboxylic aldehyde in serum, and significant 
increases in BW, insulin level, high-density lipoprotein cholesterol, superoxide dismutase, glutathione, and liver gly-
cogen. Further, glucose tolerance was markedly improved in the PSPE-treated diabetic groups. Histopathological 
results showed that PSPE improved cellular structural and pathological changes in liver, kidney, and pancreatic islets. 
Collectively, the results indicated that the hypoglycemic effects of PSPE on high-fat diet/streptozotocin (HFD/STZ)- 
induced diabetes are comparable to Met, though their exact mechanism actions are still under investigation. Therefore, 
the current study suggests that PSPE could be a potential health-care food supplement in the management of diabetes. 
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1  Introduction 
 

Diabetes mellitus (DM), a chronic metabolic 
disease characterized by hyperglycemia and impaired 
glucose tolerance, leads to more than 2.9 million 
deaths annually and this number is projected to rise 
over the next 30 years (Yadav et al., 2009). DM is 
becoming the third-ranked killer of human beings just 
after cancer and cardiovascular disease (Li et al., 
2004). Currently, there are about 380 million indi-
viduals worldwide who have diabetes. 

Diabetes is mainly classified into type 1 DM 
(T1DM) and T2DM based on the impaired-insulin 
action or secretion. T1DM results from a failure in 
production of insulin from the pancreas. About 5%− 
10% of all DM cases are type 1. T2DM is a long-term 
metabolic disorder which begins with insulin resistance 
and then develops into hyperglycemia and hypoin-
sulinemia. An estimate of 90% of DM cases belong to 
T2DM (Stumvoll et al., 1900; Gavin et al., 2003). 
T2DM is a life-threatening disease with high mortal-
ity and morbidity in both developing and developed 
countries. Metformin (Met) and rosiglitazone, com-
monly prescribed drugs for T2DM, cause various 
types of undesirable side-effects, e.g. stomach ache, 
loss of appetite, diarrhea (Korejo et al., 2016). There-
fore, new antidiabetic drugs with fewer side-effects 
are currently under development. It has been confirmed 
that several plant-derived extracts exhibit hypoglycemic 
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effects. These can be used as new anti-diabetic rem-
edies (Lü et al., 2009a, 2009b; Patel et al., 2012). 

Hyperglycemia is the key contributor to patho-
logical changes in DM, including retinopathy, 
nephropathy, and neuropathy (Krentz et al., 2007; 
Saini et al., 2007). Persistent hyperglycemia is also 
one of the risk factors associated with meta- 
inflammation, insulin resistance, cardiovascular dis-
ease, hypertension, and hyperlipidemia (King, 2008; 
Lü et al., 2009a). One therapeutic approach for the 
treatment of hyperglycemia is to lower the gastroin-
testinal glucose absorption through inhibition of 
carbohydrate-hydrolyzing enzymes, such as α- 
glucosidase and α-amylase (Gray and Flatt, 1997; 
Kim et al., 2004; Shobana et al., 2009). Therefore, 
inhibitors of these enzymes might be considered as 
potential drugs for hyperglycemia. DM-associated 
hyperglycemia triggers reactive oxygen species (ROS) 
production, which could lead to elevation of oxidative 
stress (Yeh et al., 2016). Exacerbated oxidative stress 
negatively impacts pancreas functions such as im-
pairment of insulin production (Chandirasegaran et al., 
2017). Thus, mitigation of oxidative stress could 
serve as an alternative therapeutic approach for the 
treatment of hyperglycemia. Medicinal plants are 
widely used as antioxidants for the treatment or pre-
vention of diseases, such as diabetes, cardiovascular 
disease, and obesity (Russo et al., 2015).  

Peanut shell, a by-product of the peanut industry, 
has been reported rich in polyphenols, isosaponaretin, 
and other bioactive compounds (Han et al., 2008). 
Gao et al. (2011) found that peanut shells contain 
about 71.3 mg total phenolics per gram of defatted dry 
shells. Intriguingly, peanut shell polyphenol extracts 
(PSPEs) function as strong antioxidants with less 
toxicity (Yen and Duh, 1994; Duh and Yen, 1995). 
Besides, Yu et al. (2013) reported that PSPE exerts an 
inhibitory effect on α-amylase activity. Therefore, 
there is a need to discover the anti-diabetic property 
of PSPE. In the current study, we wish to elucidate the 
anti-hyperglycemic and antioxidant activity of PSPE 
in diabetic rats. 
 
 
2  Materials and methods 

2.1  Materials 

Peanut shells (place of origin: Changchun, China) 
purchased from a local market were stored at 4 °C 

until use. Pyrogallol, catechol, phloroglucinol, quer-
cetin, luteolin, streptozotocin (STZ), and Met were 
purchased from Sigma (St. Louis, MO, USA). An 
insulin enzyme-linked immunosorbent assay (ELISA) 
kit was purchased from Seikagaku Industries (Tokyo, 
Japan). The test kits of total cholesterol (TC), tri-
glyceride (TG), high density lipoprotein-cholesterol 
(HDL-C), low density lipoprotein-cholesterol (LDL-C), 
liver glycogen (LG), methane dicarboxylic aldehyde 
(MDA), superoxide dismutase (SOD), and glutathi-
one (GSH) were purchased from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China). All other 
chemicals were purchased from Peking Chemical 
Plant (Beijing, China) and were of the highest purity 
available. 

2.2  Preparation and purification of peanut shell 
polyphenol extracts 

PSPEs were prepared following previously 
published methods (Gao et al., 2011). The peanut 
shells were defatted (1:68, w/v) for 10 h at room 
temperature using n-hexane and n-hexane was re-
moved under reduced pressure. The defatted peanut 
shells (10 g) were macerated for 4 min with 250 ml 
aqueous ethanol (75%, v/v) in a high-pressure facility 
(DL700, Dalong High-Pressure Equipment Plant of 
Shanghai, China) at room temperature and 300 MPa. 
The extracts were purified using the static and dy-
namic adsorption-desorption performance of NKA-9 
macroporous adsorption resin (#090216, Tianjin 
Haiguang Chemical Co., Ltd., China) to remove the 
water-soluble polysaccharide, glycosides, and protein 
from the extracts (Zhang et al., 2013). The purified 
extracts were evaporated to a final volume of 10 ml in 
a rotary evaporator (RE-52 Model, Anting Electronic 
Instruments Plant of Shanghai, China) at 35 °C. The 
concentrated solution was lyophilized with a freeze 
dryer system (FD-1C, Kangbo Experiment Instru-
ments Ltd., Beijing, China) to obtain the PSPE powder. 
Based on characteristic analysis by high-performance 
liquid chromatography (HPLC), PSPE is a mixture of 
compounds including pyrogallol, luteolin, phloroglu-
cinol, catechol, and quercetin (Fig. 1). The total 
phenolic content of PSPE was 71.3 mg/g, with luteo-
lin at the highest concentration (Gao et al., 2011). 

2.3  Experimental animals 

We used 60 three-month-old male Wistar rats 
((190±10) g body weight (BW)) as experimental  
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animals, which were purchased from the Center of 
Experimental Animals (School of Basic Medical 
Sciences, Jilin University, China). The rats were 
housed at constant temperature (22±2) °C and hu-
midity (55±5)% with a 12-h light/dark cycle. The 
animals were fed a chow diet consisting of 53% car-
bohydrate, 5% fat, and 23% protein (Xietong Organ-
ism adjusted fat diet, Xietong Pharmaceutical Bio-
logical Engineering Co., Ltd., Nanjing, China), and 
water was given ad libitum for adaptation for one 
week. All procedures were approved by the Animal 
Welfare Committees of Jilin University, Changchun, 
China, and performed strictly following the “Princi-
ples of Laboratory Animal Care and Use in Research” 
(State Council of China, 1988). 

2.4  Experimental induction of diabetes in rats 

After one-week adaptation, diabetic rat models 
were developed using a high-fat diet (HFD) contain-
ing 41% carbohydrate, 24% fat, and 24% protein 
(Xietong Pharmaceutical Biological Engineering Co., 
Ltd., Nanjing, China) for 4 weeks. The control groups 
were fed a chow diet. After 4 weeks of HFD inter-
vention, the diabetic group rats were intraperitoneally 

(i.p.) injected with STZ (at 60 mg/kg BW, dissolved 
in 0.1 mol/L citrate buffer (pH 4.5)), while the other 
groups received 0.1 mol/L citrate buffer (i.p., 1 ml/kg) 
as controls. Fasting blood glucose (FBG) was tested  
1 week post-injection (Zhang et al., 2013). The rats 
with hyperglycemia (FBG level ≥11.1 mmol/L) were 
considered as diabetic and used for the experiments 
(Wang et al., 2013). Before necropsy, rats were fasted 
for 16 h. 

2.5  Experimental design 

All the rats were randomly divided into six 
groups, with seven rats per group: normal control 
group (NCG, the normal rats given water), diabetic 
control group (DCG, the diabetic rats given water), 
Met group (MG, diabetic rats given 200 mg/kg Met 
hydrochloride), high-dose PSPE group (PSPE 200, 
the diabetic rats given 200 mg/kg PSPE), medium- 
dose PSPE group (PSPE 100, diabetic rats given  
100 mg/kg PSPE), and low-dose PSPE group (PSPE 
50, the diabetic rats given 50 mg/kg PSPE). PSPE 
solutions were given through daily oral gavages (at  
10 ml/kg BW) for 4 weeks. 

2.6  Measurement of body weight and average 
daily food and water intake 

The animal BW was monitored before gavage on 
the 7th, 14th, 21st, and 28th days of PSPE admin-
istration. The food and water intake were monitored 
weekly. 

2.7  Measurement of fasting blood glucose, serum 
insulin level, and serum lipids 

Blood samples obtained from the tail vein were 
used for FBG tests weekly by glucometer (Sannuo, 
Beijing, China). Serum samples were prepared by 
centrifuging (3000 r/min for 15 min, 4 °C) blood 
samples collected from rats’ eye sockets. The serum 
insulin level was determined using an insulin ELISA 
kit (Seikagaku Industries, Tokyo, Japan). Serum TC, 
TG, HDL-C, and LDL-C were determined using kits 
purchased from Jiancheng Bioengineering Institute 
(Nanjing, China). All blood samples were collected 
from overnight fasting rats. 

2.8  Oral glucose tolerance test 

Oral glucose tolerance test (OGTT) was per-
formed on the 3rd week of PSPE administration. 

Fig. 1  Profiles of peanut shell polyphenol extracts 
(a) Peanut shell polyphenols by HPLC. 1, pyrogallol; 
2, catechol; 3, phloroglucinol; 4, quercetin; 5, luteolin. 
(b) Molecular structures of luteolin, pyrogallol, catechol, 
phloroglucinol, and quercetin 
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Diabetic and control rats were divided into six groups 
as previously described (Section 2.5). After 12-h 
fasting, 2 g/kg BW of glucose was oral-administered 
to all rats. The blood glucose level was measured 
from the tail vein at 0, 60, 120, and 180 min post the 
glucose injection. 

2.9  Biochemical and histological analyses 

Animals were euthanized at the end of the ex-
periments after overnight fasting. Blood samples 
were collected by retro-orbital sinus puncture using 
capillary tubes under diethyl ether anesthesia and kept 
under room temperature for 40 min. Then, serums 
were prepared as previously described (Section 2.7).  

The levels of SOD, GSH, MDA, and LG were 
measured using enzymatic kits according to the 
manufacturer’s instructions (Jiancheng Bioengineer-
ing Institute, Nanjing, China). 

Tissues, like liver, kidney, and pancreas, were 
collected and fixed in 10% neutral buffered formalin 
solution. Histologic sections were prepared and 
stained with hematoxylin and eosin (H&E) as previ-
ously described (Fischer et al., 2008). Images of sec-
tions (liver, kidney, and pancreas) were acquired with 
a Nikon E2000 microscope (Tokyo, Japan) under 
objective 20×, 20×, and 40×, respectively. 

2.10  Statistical analysis 

Experiments were repeated at least three times. 
The experimental data were expressed as mean± 
standard deviation (SD). Statistical analyses were 
carried out by one-way analysis of variance (ANOVA) 
using SPSS Version 20.0 software (SPSS Inc., Chi-
cago, USA). P-value lower than 0.05 was considered 
significant. 

 
 

3  Results	

3.1  Effects of PSPE on body weight and average 
daily food and water intake in diabetic rats 

Table 1 shows the changes in BW and average 
daily intake of food and water in diabetic rats weekly. 

At baseline, the BW of NCG was significantly 
higher than that of DCG, MG, PSPE 50, PSPE 100, 
and PSPE 200, while there was no significant dif-
ference among the diabetic rat groups. The BW of the 
DCG decreased during the onset of hyperglycemia 
(e.g. diabetes for 4 weeks). The BW of the PSPE 50 

reduced in the first 3 weeks. The BW of the PSPE 100 
reduced in the first 2 weeks. The BWs of the MG and 
PSPE 200 continuously increased. At the end of the 
experimental period, there was a slight weight gain in 
all PSPE groups compared with baseline (before 
treatments) (Table 1). The final BW gains (the BW on 
the 28th day minus the initial BW) of NCG, MG, 
PSPE 100, and PSPE 200 were 33.70%, 13.30%, 
3.54%, and 8.15%, respectively. During the 4-week 
experiment diabetic rats were found to have signifi-
cant BW loss compared with NCG (P<0.01). The 
final BW of the PSPE 200 group significantly in-
creased compared with DCG (P<0.05) after 4-week 
administration. Data indicated that PSPE affected 
BW. PSPE at 200 mg/kg could effectively reverse the 
effect of BW loss in diabetic rats. 

The food and water intake of the diabetic rats 
increased throughout the study period compared with 
NCG (Table 1). However, MG rats showed signifi-
cantly lower food and water intake than the DCG rats. 
PSPE treatments (50, 100, and 200 mg/kg) at the 4th 
week of the study showed a significant reduction in 
both the daily food and water intake compared with 
the DCG rats (P<0.01). Therefore, we concluded that 
PSPE could improve the symptoms of diabetic rats. 

3.2  Effects of PSPE on FBG and serum levels of 
insulin and lipids 

Fig. 2 shows the weekly FBG levels of experi-
mental rats. The FBG levels of NCG rats were under the 
normal range, from (5.12±0.67) to (5.63±0.41) mmol/L. 
DCG rats presented higher FBG levels than NCG 
(P<0.01) throughout the experiment. FBG levels  
of DCG rats were elevated from (20.56±1.72) to 
(22.47±1.85) mmol/L at the end of the experiment 
with a 9.29% rise. After treatment with Met, the FBG 
levels of MG rats were significantly lower (P<0.01) 
than those of DCG rats from the 2nd week to the 4th 
week, and at the 4th week, the levels further de-
creased by 34.71%. After 1-week treatment with 
PSPE, the FBG levels of PSPE 50, PSPE 100, and 
PSPE 200 rats showed no significant decline. How-
ever, from the 2nd week of the PSPE treatment, the 
FBG levels in PSPE 50, PSPE 100, and PSPE 200 rats 
significantly decreased through to the end of the ex-
periment compared with DCG (P<0.01). At the 4th 
week, the FBG levels of PSPE 50, PSPE 100,  
and PSPE 200 rats were reduced by 20.47%, 24.52%, 
and 31.06%, respectively, compared with DCG.  
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Collectively, data indicate that PSPE treatments could 
effectively improve hyperglycemia in diabetic rats. 

Table 2 shows the serum insulin and lipids of 
experimental rats at the end of the study. Compared 
with NCG, serum insulin levels of DCG rats were 
much higher. After administration with PSPE for 28 d, 
the serum insulin levels of MG, PSPE 50, PSPE 100, 
and PSPE 200 rats were significantly lower than those 
of DCG rats. 

As shown in Table 2, after 4-week oral admin-
istration, serum TC, TG, and LDL-C levels in DCG 
rats were significantly higher than those in NCG rats 
(P<0.01), while MG, PSPE 50, PSPE 100, and PSPE 
200 rats showed significant decreases in TC, TG, and 
LDL-C, but a significant increase in HDL-C level, 
compared with DCG (P<0.01). Data indicate that 
PSPE treatments could effectively improve lipid 
metabolism in diabetic rats. 

3.3  Effect of PSPE on OGTT 

OGTT has been widely used to test the relative 
secretion and function of insulin in a population with 
glucose tolerance (Phillips et al., 1994; Stumvoll et al., 

Table 1  Effects of PSPE on body weight and average daily food and water intake in diabetic rats 

Group 
Body weight (g) 

Week 0 Week 1 Week 2 Week 3 Week 4
NCG 246.00±20.54 269.17±19.88 297.11±22.57 315.12±18.88 328.90±22.52 
DCG 232.31±17.36# 225.17±8.63## 218.87±13.99## 213.75±10.67## 210.22±15.31## 
MG 233.53±16.75 236.82±16.15 248.06±15.73 255.42±17.92* 264.58±18.23* 
PSPE 50 229.60±17.15 226.68±18.36 222.77±20.33 219.29±14.85 223.14±17.61 
PSPE 100 230.13±17.05 227.07±16.73 223.92±12.06 231.17±15.58 238.28±15.02 
PSPE 200 229.08±11.47 231.61±18.58 235.43±12.19 241.47±22.57 247.76±23.03* 

Group 
Food (g/d) 

Week 0 Week 1 Week 2 Week 3 Week 4
NCG 17.09±0.74 19.28±1.47 20.01±2.09 24.18±0.90 27.10±1.13 
DCG 20.32±0.83## 25.69±1.91## 33.69±1.54## 50.67±1.16## 62.29±3.53## 
MG 20.56±1.42 22.59±0.48** 25.91±2.54** 31.37±1.66** 30.16±0.84** 
PSPE 50 20.27±1.12 25.57±0.64 33.49±0.47 50.44±0.88 49.54±1.33** 
PSPE 100 19.97±1.23 24.60±1.08 33.71±1.45 48.57±2.66 47.62±0.70** 
PSPE 200 20.14±0.50 24.90±0.82 33.04±2.06 44.98±1.80** 46.05±0.27** 

Group 
Water (ml/d) 

Week 0 Week 1 Week 2 Week 3 Week 4
NCG 53.81±1.80 63.10±4.19 67.86±0.71 71.43±7.14 85.00±6.10 
DCG 86.33±2.95## 119.76±10.93## 177.86±15.67## 199.52±14.31## 244.29±14.34## 
MG 84.52±5.77 93.81±4.76* 141.43±3.78** 144.76±8.73** 139.05±11.69** 
PSPE 50 85.95±6.40 113.33±4.59 173.33±5.82 199.76±11.83 190.71±6.35** 
PSPE 100 86.43±7.56 112.62±10.16 163.81±6.79 185.71±2.47 177.62±6.86** 
PSPE 200 84.29±3.27 114.05±24.71 160.48±9.72* 178.10±3.60* 165.00±10.08** 

Results are expressed as the mean±SD (n=7). PSPE: peanut shell polyphenol extract; NCG: normal control group; DCG: diabetic control 
group; MG: diabetic rats treated with metformin (Met; 200 mg/kg); PSPE 50: diabetic rats treated with PSPE (50 mg/kg, oral); PSPE 
100: diabetic rats treated with PSPE (100 mg/kg, oral); PSPE 200: diabetic rats treated with PSPE (200 mg/kg, oral). # P<0.05, ## P<0.01, 
compared with NCG; * P<0.05, ** P<0.01, compared with DCG 

Fig. 2  Effect of PSPE on fasting blood glucose level in 
diabetic rats 
Results are expressed as the mean±SD (n=7). NCG: 
normal control group; DCG: diabetic control group; MG: 
diabetic rats treated with Met (200 mg/kg); PSPE 50: di-
abetic rats treated with PSPE (50 mg/kg, oral); PSPE 100: 
diabetic rats treated with PSPE (100 mg/kg, oral); PSPE 
200: diabetic rats treated with PSPE (200 mg/kg, oral). 
## P<0.01, compared with NCG; * P<0.05, ** P<0.01, 
compared with DCG 
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2000). Fig. 3 shows the effect of PSPE on OGTT. 
After glucose administration, the blood glucose level 
in NCG rats significantly increased at 30 min and 
decreased to normal levels at 120 min. The DCG rats 
presented significant glucose intolerance compared 
with NCG rats (P<0.01). MG, PSPE 100, and PSPE 
200 showed significantly improved glucose intoler-
ance (P<0.01). The baseline glucose level remained 
elevated in the DCG rats. However, MG, PSPE 50, 
PSPE 100, and PSPE 200 groups presented decreased 
blood glucose (35.49%, 24.77%, 25.86%, and 28.17%, 
respectively) at 120 min when compared with those at 
30 min. PSPE 50, PSPE 100, and PSPE 200 groups 
exhibited much lower decreases in blood glucose 
compared with MG. Results indicate that Met and 
PSPE treatments could improve the glucose intoler-
ance in diabetic rats.  

3.4  Effects of PSPE on the serum levels of SOD, 
GSH, and MDA 

The effects of PSPE on oxidative stress were 
shown in Table 3. Compared with NCG, the levels of 
SOD and GSH reduced significantly (P<0.01), while 
the level of MDA was significantly increased in DCG 
(P<0.01). Compared with DCG rats, the levels of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOD and GSH in rats were significantly increased 
(P<0.01) by 50.49% and 37.63% with continuous 
4-week PSPE treatments at 100 mg/kg, and by 
86.49% and 61.66% at 200 mg/kg, respectively, while 
the MDA levels markedly decreased by 23.45% and 
47.11%, respectively (P<0.01). In sum, the effects of 
PSPE on the levels of hepatic SOD, GSH, and MDA 
were dose-dependent. 

3.5  Effect of PSPE on the level of glycogen in liver 

Glycogen is the major storage form of glucose, 
and can be mainly found in liver and muscles and its 
function is to provide a readily available source of 
glucose for body (Chen et al., 2014). Compared with 
NCG, the glycogen content in liver decreased signif-
icantly in DCG (Table 3). Treatments with PSPE at 
the doses of 100 and 200 mg/kg for 4 weeks resulted 
in a significant increase in glycogen levels (P<0.01). 

3.6  Effects of PSPE on histopathology of liver, 
kidney, and pancreas tissues in diabetic rats 

The effects of PSPE on histopathology of liver, 
kidney, and pancreas tissues (Figs. 4–6) in control and 
diabetic rats were evaluated as they were majorly 
affected by diabetes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Effects of PSPE on serum insulin and serum lipids in diabetic rats 

Group Serum insulin (μIU/ml) TC (mg/dl) TG (mg/dl) LDL-C (mg/dl) HDL-C (mg/dl)

NCG 8.51±0.34 87.13±2.97 95.45±2.97 14.83±0.86 53.83±0.65 

DCG 16.91±0.42## 137.12±2.51## 158.65±3.86## 54.17±1.33## 26.44±0.87## 

MG 11.75±0.55* 97.28±3.34** 103.74±2.55** 21.87±0.84** 44.75±0.62** 

PSPE 50 12.08±0.43* 107.33±2.76** 123.82±1.97** 23.64±0.92* 40.16±0.74** 

PSPE 100 13.16±0.41* 103.43±3.21** 118.08±2.87** 18.67±0.76** 41.53±0.62** 

PSPE 200 14.45±0.34* 100.62±2.64** 109.59±2.13** 18.36±0.63** 42.36±0.87** 

Results are expressed as the mean±SD (n=7). TC: total cholesterol; TG: triglycerides; LDL-C: low density lipoprotein-cholesterol; 
HDL-C: high density lipoprotein-cholesterol; NCG: normal control group; DCG: diabetic control group; MG: diabetic rats treated with 
Met (200 mg/kg); PSPE 50: diabetic rats treated with PSPE (50 mg/kg, oral); PSPE 100: diabetic rats treated with PSPE (100 mg/kg, 
oral); PSPE 200: diabetic rats treated with PSPE (200 mg/kg, oral). ## P<0.01, compared with NCG; * P<0.05, ** P<0.01, compared with DCG 

Table 3  Effects of PSPE on levels of serum SOD, GSH, MDA, and LG in diabetic rats 

Group SOD (U/ml) GSH (mg/L) MDA (nmol/ml) LG (mg/g) 

NCG 113.18±0.86 18.26±2.44 4.73±0.91 9.90±1.04 

DCG 37.81±7.74## 8.45±1.22## 19.36±0.72## 3.36±0.71## 

MG 76.14±2.44** 15.89±1.26** 8.79±1.45** 7.28±0.90** 

PSPE 50 47.56±4.15** 9.80±0.60 17.54±0.96 3.83±0.16 

PSPE 100 56.90±2.68** 11.63±1.23** 14.82±2.12** 5.17±0.22** 

PSPE 200 70.51±2.49** 13.66±1.00** 10.24±1.11** 6.33±0.40** 

Results are expressed as the mean±SD (n=7). SOD: superoxide dismutase; GSH: glutathione; MDA: methane dicarboxylic aldehyde; 
LG: liver glycogen; NCG: normal control group; DCG: diabetic control group; MG: diabetic rats treated with Met (200 mg/kg); PSPE 
50: diabetic rats treated with PSPE (50 mg/kg, oral); PSPE 100: diabetic rats treated with PSPE (100 mg/kg, oral); PSPE 200: diabetic 
rats treated with PSPE (200 mg/kg, oral). ## P<0.01, compared with NCG; ** P<0.01, compared with DCG 
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Fig. 4 shows the effects of PSPE on the histo-

pathological changes in rat liver. Hepatic cells of 
DCG rats developed hepatic cellular edema and in-
flammatory cell infiltration (minor lesion) (Fig. 4b) 
compared with NCG (Fig. 4a). MG rats presented a 
similar liver histopathology to NCG rats (Fig. 4c). 
While in PSPE 100 (Fig. 4e) and PSPE 200 (Fig. 4f) 
groups, rat hepatic cells showed an improved liver 
histopathology compared with DCG rats. With a high 
dose of PSPE treatment, PSPE 200 led to the better 
improvement of liver tissue morphology and in-
flammatory cell infiltration (no lesion was observed). 

Fig. 5 shows the effects of PSPE on the histo-
pathological changes in rat kidneys. The renal tissue 
of kidneys in DCG (Fig. 5b) showed glomeruli with 
mesangiocapillary proliferation compared with NCG 
(Fig. 5a). Administration of PSPE at medium dose 
(Fig. 5e) and high dose (Fig. 5f) improved the glo-
meruli with mesangiocapillary proliferation in the 
kidneys compared with DCG rats.  

Fig. 6 shows the effects of PSPE on the histo-
pathological changes in rat pancreas. The NCG rats 
(Fig. 6a) showed the typical histological structure of 
pancreas with normal sized islets, while the islet of 
DCG (Fig. 6b) displayed shrinkage, and a decrease in 
number and destruction of β-cells. The PSPE 100 
treatment showed an amelioration, but not signifi-
cantly so, in histological signs (Fig. 6e). Met (Fig. 6c)  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
and PSPE 200 (Fig. 6f) treatments restored such 
dysregulated structural changes. Both Met- (Fig. 6c) 
and PSPE-treated (Figs. 6e and 6f) diabetic rats pre-
sented prominent preservation and improvement of 
cellular structural and pathological changes in the 
pancreatic islets.  

The investigation indicated that PSPE at doses of 
100 and 200 mg/kg could improve the cellular struc-
tural and pathological changes in liver, kidney, and 
pancreatic islets, and may present potential beneficial 
effects against diabetes, indicating that PSPE may be 
a potential candidate in prevention and treatment of 
diabetes. 

 
 

4  Discussion 
 
Recently, plant-based treatment has been thought 

to be effective for the prevention and control of dia-
betes (Srivastava et al., 1993; Al-Attar and Zari, 2010;  

Fig. 3  Effect of PSPE on oral glucose tolerance test 
Results are expressed as the mean±SD (n=7). NCG: normal 
control group; DCG: diabetic control group; MG: diabetic 
rats treated with Met (200 mg/kg); PSPE 50: diabetic rats 
treated with PSPE (50 mg/kg, oral); PSPE 100: diabetic rats 
treated with PSPE (100 mg/kg, oral); PSPE 200: diabetic 
rats treated with PSPE (200 mg/kg, oral). ## P<0.01, com-
pared with NCG; ** P<0.01, compared with DCG 

Fig. 4  Effects of PSPE on morphological changes of 
liver in diabetic rats 
(a) Normal control group; (b) Diabetic control group; 
(c) Diabetic rats treated with Met (200 mg/kg); (d) Diabetic 
rats treated with PSPE (50 mg/kg); (e) Diabetic rats treated 
with PSPE (100 mg/kg); (f) Diabetic rats treated with PSPE 
(200 mg/kg). Arrows: 1, swelling; 2, inflammatory cell 
infiltration 
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Wang et al., 2011; Chen et al., 2013). Peanut shells, a 
by-product of the peanut industry, are rich in poly-
phenols with less toxicological effects. PSPE presents 
a strong antioxidant capacity in vitro (Gao et al., 2011; 
Zhang et al., 2013) and inhibition of carbohydrate- 
hydrolyzing enzymes, such as α-amylase. Therefore, 
PSPE might also present potential anti-diabetic ca-
pacities. In this study, the anti-diabetic effect of PSPE 
has been investigated. Diabetes cause increases in 
food and water intake and BW loss. The present data 
showed that daily administration of PSPE for four 
weeks improved BW loss, and increased food and 
water intake (Table 1) in diabetic rats. This suggested 
that administration of the PSPE might prevent BW 
loss from excessive decrease in diabetic rats. 

Hyperglycemia appears to be the key factor in 
the pathogenesis of diabetes. Therefore, most anti- 
diabetic drugs target lowering blood glucose effec-
tively (Bell, 2001; Li et al., 2004). We found that the 
FBG was significantly increased in DCG compared 
with NCG, while PSPE treatment at a high dose of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

200 mg/kg was able to effectively reduce the FBG 
level in diabetic rats, which is similar to the effect of 
Met (Fig. 2). The underlying mechanism of lowering 
blood glucose by PSPE could be due to: (1) dimin-
ished absorption of glucose decomposed from starch 
by inhibiting the activity of α-amylase in intestine 
(Yu et al., 2013); (2) promotion of absorption of 
glucose into the hepatic tissues in the form of glyco-
gen (Sharma et al., 2006); (3) increased release of 
insulin from remaining β-cells and/or regeneration of 
β-cells (Esmaeili and Yazdanparast, 2004; Sharma  
et al., 2006). We found that PSPE showed elevated 
inhibition of α-amylase activity in vitro. PSPE is a 
potent reversible inhibitor associated with Km (Mich-
aelis constant) value of 5.49 mg/ml (Yu et al., 2013). 
The liver is the most important organ in the regulation 
of glucose metabolism. It can absorb and convert cir-
culated glucose into glycogen to lower blood glucose 
(Roden and Bernroider, 2003; Sharma et al., 2006). In 
the present study, the level of LG was decreased sig-
nificantly in DCG compared with NCG (P<0.05). This 

Fig. 6  Effects of PSPE on morphological changes of 
pancreas in diabetic rats 
(a) Normal control group; (b) Diabetic control group; 
(c) Diabetic rats treated with Met (200 mg/kg); (d) Diabetic 
rats treated with PSPE (50 mg/kg); (e) Diabetic rats treated 
with PSPE (100 mg/kg); (f) Diabetic rats treated with PSPE 
(200 mg/kg) 

Fig. 5  Effects of PSPE on morphological changes of 
kidneys in diabetic rats 
(a) Normal control group; (b) Diabetic control group; (c) Dia-
betic rats treated with Met (200 mg/kg); (d) Diabetic rats treated 
with PSPE (50 mg/kg); (e) Diabetic rats treated with PSPE 
(100 mg/kg); (f) Diabetic rats treated with PSPE (200 mg/kg). 
Arrows: glomeruli with mesangiocapillary proliferation 
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indicates excessive hepatic gluconeogenesis and glu-
cose production as the possible causes of hyperglyce-
mia in diabetes (Zhang et al., 2014). The LG levels in 
PSPE 100 and PSPE 200 groups (Table 3) were higher 
than that of the DCG group, indicating that the de-
fective glycogen storage in the diabetic state was 
partially reversed by PSPE administration. Our study 
also demonstrated the significant improvement of insu-
lin resistance in diabetic rats (Table 3). Histopathologi-
cal examinations of the pancreatic sections revealed 
that pancreatic β-cells of rats from the MG (Fig. 6c) 
and PSPE groups (Figs. 6e and 6f) had less damage 
than those in DCG, which further indicates that PSPE 
can repair the destroyed pancreatic β-cells to improve 
serum insulin levels in diabetic rats. Taken together, 
the results indicated that blood glucose level could be 
controlled by administering PSPE in diabetic rats. 

OGTT is an important criterion for diagnosing 
diabetes (Shulman, 2000). OGTT results indicated 
that application of PSPE, to some extent, decreased 
blood glucose levels at 30, 60, and 120 min after 
glucose challenge when compared with the diabetic 
control group in Fig. 3. These results indicated that 
PSPE could efficiently improve glucose intolerance 
in diabetic rats. 

Dyslipidemia, a common complication of dia-
betes, is the primary cause of cardiovascular disease 
in people with diabetes (Bertoni et al., 2004). 
Dyslipidemia is characterized by lipid abnormalities, 
including increased serum levels of TC, TG, and 
LDL-C, and a decrease in the level of HDL-C 
(Ginsberg, 2000). In this study, PSPE treatment for 
four weeks reduced serum levels of TG, TC, and 
LDL-C. Thus, PSPE may have a potential to amelio-
rate the symptoms of diabetes, which could further 
contribute to lowering the risk of cardiovascular 
complications in diabetic conditions.  

Oxidative stress is defined as an imbalance be-
tween ROS production and antioxidant defense sys-
tem of body (Kaur et al., 2016). Oxidative stress has 
recently been shown to play a key role in the patho-
genesis of diabetes (Sepici-Dincel et al., 2007). MDA 
is an end product and an indicator of the lipid perox-
idation process (Ong et al., 2011). GSH and SOD play 
important roles in the antioxidant defense system 
(Chen et al., 2013). Our results showed that HFD and 
STZ treatment caused a significant increase in the 

level of MDA, and significant decreases in the levels 
of GSH and SOD in DCG compared with NCG. The 
treatment with different doses of PSPE ameliorated 
the oxidative stress.  

Oxidative stress can also impair the living cells 
(Zhang et al., 2011). This might contribute to a cel-
lular structural abnormality of the liver, kidney, and 
pancreas observed in our histopathologic study. In the 
PSPE group, the liver, kidney, and islets were sub-
stantially protected from destruction compared with 
DCG (Figs. 4–6). Therefore, administration of PSPE 
reversed this structural damage possibly through anti- 
hyperglycemic and antioxidant activity. 

Previous reports demonstrated that PSPE is rich 
in phenols and flavonoids such as pyrogallol, catechol, 
phloroglucinol, quercetin, and luteolin (which ac-
counts for the highest amount). PSPE and its bioac-
tive constituents showed a strong free radical scav-
enging activity in vitro (Upadhyay et al., 2010; Qiu  
et al., 2012; Zhang et al., 2013; Kasala et al., 2016; 
Zizkova et al., 2017), while luteolin and quercetin had 
been proved to have anti-diabetic effects (Torres- 
Piedra et al., 2010; Chen et al., 2016). Therefore, the 
anti-diabetic effect of PSPE might be due to these 
phytochemical constituents. Further studies are war-
ranted to confirm these possibilities. 

 
 

5  Conclusions 
 
Our current study demonstrated that PSPE has a 

strong anti-diabetic effect on diabetic rats. PSPE sig-
nificantly rescued the diabetic rats as demonstrated by 
restoring the parameters of BW gain, food and water 
intake, blood glucose levels, insulin level, lipid pro-
file, and oxidative defense. PSPE played a preventive 
role in liver, renal, and pancreas destruction caused by 
STZ after 4-week treatment. The results suggested 
that the mechanism of anti-diabetic effect of PSPE 
was likely through inhibition of α-amylase activity, 
improving immune regulatory properties and oxida-
tive stress. In conclusion, PSPE, which presents a 
protective property against diabetes with a relatively 
non-toxic nature, may serve as a promising candidate 
in improving the management of diabetes. Further 
studies need to be carried out to elucidate the actual 
mechanisms of this action. 
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中文概要 
 

题 目：花生壳多酚提取物抗糖尿病活性的评价 

目 的：评估花生壳多酚提取物的抗糖尿病活性。 

创新点：明确了花生壳多酚的抗糖尿病活性。 

方 法：通过高脂饮食/链脲霉素（HFD/STZ）诱导产生糖

尿病小鼠。将糖尿病小鼠随机分为四组：二甲双 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

胍组、花生壳多酚高、中、低剂量组（分别为 200、

100 和 50 mg/kg）；同时设置正常对照组及糖尿

病对照组。二甲双胍及花生壳多酚每日口服一

次，剂量为每天 10 ml/kg 体重，持续 4 周；考察

不同剂量的花生壳多酚对糖尿病小鼠的体重、饮

食、饮水，空腹血糖、血清总胆固醇、血脂、高

密度脂蛋白胆固醇、低密度脂蛋白胆固醇，及血

液中超氧化物歧化酶、谷胱甘肽、丙二醛、肝糖

原水平的影响；并对小鼠的肝脏、肾脏和胰岛组

织进行组织学分析。 

结 论：花生壳多酚具有一定的降血糖作用，可作为潜在

的食物补充剂应用于糖尿病患者的饮食管理中。 

关键词：花生壳多酚提取物；抗糖尿病活性；链脲佐菌素 


