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Abstract 

   
Fomitopsis pinicola is a traditional medicinal mushroom used traditionally in the folk medicine of both China 

and Korea. Polysaccharides are the principal constituents of the fruiting body of F.pinicola. In the current study 

3 different extracts were prepared, Polysaccharide Extract (FPP), Alkali Extract (AE) and Chloroform Extract 

(FPC). F.pinicola extracts anti-diabetic, anti-oxidant and effect on lipid metabolism was checked by using 

diabetic rats, diabetes induced by streptozotocin (STZ) injection. Five groups were made with nine rats in each 

group. Parameters were compared with normal control (NC), diabetes control (DC) and FPC treatment groups. 

With the induction STZ, all diabetic rats showed disturbed fasting blood glucose (FBG), lipid profile and reduced 

activities of anti-oxidant enzymes such as CAT, SOD, and GSH-Px. Throughout the procedure, DC rat’s body 

weight deprived, while NC gains bodyweight from beginning to end. Results of the current study revealed that 

FPP showed superior effect than the other groups, showed more reduced FBG levels and more gain in body 

weight. With the STZ, serum insulin levels were significantly dropped, FPP also exhibited a rehabilitation effect 

on serum insulin levels. The biochemical study disclosed that FPP showed significant lipid metabolism than 

other treatments by declining the levels of TC, TG, and LDL-C with elevated levels of HDL-C. FPP further 

manifested that CAT, SOD, and GSH-Px activities were increased substantially with dangerous MDA activity 

suppression. The study endorsed that FPP extract at dose of 300mg/kg/day gave more anti-diabetic, anti-

oxidant and anti-lipidemic effects than AE (300mg/kg) and FPC (300mg/kg). 
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Introduction 

Recently many studies have demonstrated that 

extracts from mushrooms fruiting bodies are giving 

numerous pharmacological impacts on the body. 

(Konno et al., 2002; Tsai et al., 2014; J. Wu et al., 

2016) Mushrooms are more abundantly used in foods 

item because of their well-known flavor and texture. 

In recent years, mushrooms got more attraction 

because of possessing numerous biologically active 

compounds such as terpenes, steroids and 

polysaccharides. (Cai et al.,1993; Kim et al., 2006; JS. 

Lee et al., 2006). Normally mushrooms roughly own 

3-21% and 3-35% carbohydrates and fiber 

respectively by its dry mass. Thus mushroom 

carbohydrate dry weight contains a substantial 

amount of fiber that humans are unable to digest 

easily. This makes mushrooms a low caloric diet for 

most of the medical situations. (Breene, 1990).  

 

Due to various biological reactions, free radicals and 

reactive oxygen species (ROS) production, and their 

elevated levels in the human body lead to tissue 

damage and various diseases. (Sies, 1997).   

 

Foreign available anti-oxidants are induced to reduce 

the lethal effect of ROS and free radicals. In recent 

years, medicinal edible mushrooms are widely used 

because of having natural anti-oxidant activity. 

Furthermore, it was found that polysaccharides from 

mushroom sources had a counter effect on free 

radicals as well as ROS. (Ge et al., 2009; Sun et al., 

2009). 

  

Furthermore, revealed that polysaccharides exhibited                                         

anti-hyperglycemic effect when produces by alkali or 

water extracts of F.pinicola fruiting bodies. (SI. Lee et 

al., 2008). 

 

F.pinicola associated with Basidiomycota and has 

been extensively farmed in japan, also part of folk 

medicine to traditionally treat diabetes and also 

considered as health food. (Högberg et al., 1999). 

F.pinicola is a wood-decaying medicinal mushroom, 

used traditional medicine in north and east china to 

make leg circulation better in elders. (X. Zhao et al., 

2010). Moreover, 11 species of Fomitopsis were found 

in china, including F.pinicola.(Dai, 2012) Research 

established the fact that F.pinicola had an anti-

oxidant effect, biological activities of extracts of 

F.pinicola were checked on GSH-Px, CAT, 

acetaldehyde dehydrogenase and alcohol 

dehydrogenase. (Cha et al., 2009a). Lanostane 

triterpene glycosides and lanstane triterpenoids have 

been extracted from F.pinicola and their anti-

cyclooxygenase 1 and 2 effects were also 

determined.(Yoshikawa et al., 2005). Studies have 

also proved that extracts from the fruiting body of 

F.pinicola exhibited the anti-diabetic as well as anti-

lipidemic effect.(Cha et al., 2009b; SI. Lee et al., 

2008) However, the present study designed to 

demonstrate the anti-diabetic, anti-oxidant and anti-

lipidemic effects of F.pinicola. We observed the body 

weight, FBG, serum insulin, hepatic glycogen and 

total protein (TP), high-density lipoprotein 

cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C), total cholesterol (TC), 

triacylglycerol (TG) and anti-oxidant effect among 

treatment groups. 

 

Materials and methods 

Experimental specimens 

Dried fruiting bodies of F.pinicola were used. The 

mushroom is collected from Changbaishan 

Mountains (China), identified by Prof. Bao Haiying 

and Prof. Tolgor Bao, Engineering Research Centre of 

the Chinese Ministry of Education for edible and 

medicinal fungi, Jilin Agricultural University, 

Changchun, Jilin, China. 

 

Chemical reagents and ELISA kits 

For the evaluation of all experimental parameters, 

various chemicals and reagents were purchased from 

reputed companies. STZ was provided by Changchun 

huayi biotechnology Co. Ltd, located in Changchun, 

China. For the analysis of insulin, Glycogen, TC, TG, 

LDL-C, HDL-C, catalase (CAT), superoxide dismutase 

(SOD), malondialdehyde (MDA), glutathione 

peroxide (GSH-Px) and TP, commercial kits were 

bought from Changchun nuojin Instrument Co. Ltd 

(Changchun, China).  
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Experimental animals 

In the current experiment, Male Sprague-Dawley rats 

(20g) are used provided by Changchun yisi 

experimental animal’s technology Co. Ltd (China). 

The experimental protocol followed for laboratory 

animal care is according to approved conditions set 

by Traditional Chinese Medicine School, Jilin 

Agricultural University, Changchun, China. 

Controlled environmental conditions were given to all 

experimental animals, as 12h light and 12h dark cycle, 

temperature range from 25-30°C and humidity range 

from 30-50%. All the rats had given free access to 

food and water. 

 

Preparation of F.pinicola chloroform extract 

Dried fruiting bodies of F.pinicola (300g) was 

powdered and then mixed thoroughly into ethanol 

(95%) at a temperature range of 45°C. This well-

homogenized solution was subjected to 3 times the 

ultrasonic-assisted extraction (UAE). The solution 

then placed to vacuum filtration and further 

concentrated by using rotary evaporation, followed by 

lyophilization after freeze-drying.  

 

The ethanol extracted specimen then stored at -20°C. 

Ethanol extract fractionated with CHCl3 (chloroform), 

and uniformed with ethanol (70%) and centrifuged 

(3000rpm) for 15min with a temperature of 25°C. 

This homogenized solution was filtered with 0.45mm 

and 0.22mm filters.(Gao et al., 2017). 

 

Preparation of F.pinicola polysaccharide extract 

Dried fruiting bodies powder of F.pinicola (300g) was 

soaked into 80% ethanol and then boiled it on 80°C 

for two hours by using reflux. After two hours filtered 

the solution and further dried by rotary evaporator 

and collected the residues. After drying, the dried 

residues were soaked into 1L of water and boiled at 

100°C for two hours. Filter the solution and got two 

more extractions by using the same procedure. Mixed 

the three water extraction and protein was removed. 

The polysaccharides were precipitated by using 

ethanol (95%), followed by centrifugation (3000rpm) 

for 15min. The residues were then freeze-dried and 

collected.(Zhang et al., 2013). 

Preparation of F.pinicola alkali extract 

Fruiting bodies were cut into small pieces, the size 

range was approximately 1 × 1 × 1-cm for cubes. AE 

was prepared to following the method of Jang et al. 

(Jang et al., 2005) 100g of dried fruiting bodies were 

dipped into Potassium hydroxide (KOH)(2N) at room 

temperature for 1h. The solution was extracted by 

sieve (100-mesh). HCl was added to extract to make it 

neutralize and washed with water to make it alkali 

and salt-free. The F.pinicola AE then subjected to 

freeze-drying.  

 

Experimental procedure 

To set the model, all the rats were fed with a normal 

chow diet for seven days with free access to water. 

After seven days, all the rats were fed with a high-fat 

diet purchased from Beijing HFK Biosciences Co. Ltd, 

for eight weeks. After eight weeks, within 72h, all rats 

have injected with a freshly prepared injection of 

streptozotocin (STZ) (60mg/kg) in citrate buffer, 

interperitoneally. After the administration of STZ, 

again rats were given a high-fat diet for a further two 

weeks. After two weeks of STZ injection, blood 

glucose levels were monitored by taking a drop of 

blood from the tip vein of the tail for every rat with a 

glucometer. Those rats were selected whose blood 

glucose levels were greater than 11.1 mmol/L and 

considered them a diabetic model for 

pharmacological study. Five groups were made with 

nine rats in each group. Throughout the experiment, 

normal saline was given to DC and NC. 

Polysaccharide, Chloroform, and Alkali Extract 

administered at a dose of 300mg/kg/day to diabetic 

rats. The duration of the experiment was 4 weeks and 

all the specimen administration was done by using an 

orogastric cannula. Except for NC, all other 

experimental groups were fed with a high-fat diet 

throughout the procedure. All the rats fasted the 

whole night before the determination of FBG after 

every week. 

 

Biochemical parameters analysis 

After four weeks, rats of all experimental groups 

fasted overnight. Before sacrificed them, blood was 

collected from the orbital sinus; blood serum was 
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separated from blood by centrifuged at 4ºC at 

3000rpm for 15 minutes. Serum insulin levels, LDL-

C, HDL-C, TG, and TC was determined from blood 

serum by using commercial/ELISA kits. All rats were 

dissected by cervical dislocation, a small part of the 

kidney and liver were homogenized with normal 

saline and then at 4ºC centrifuged at 3000rpm for 

15min.(Sun et al., 2008). 

 

The supernatant was separated for the analysis of TP, 

glycogen, GSH-Px, CAT, SOD, MDA levels with the 

help of commercial/ELISA kits. 

 

Statistical analysis 

All the data were statistically analyzed by using 

statistix (version 8.1). The variations that occurred 

between groups were calculated by one-way analysis 

of variance (ANOVA) test. Nine rats' results were 

expressed as mean ± SD for each group. Only those 

results were considered statistically significant whose  

p < 0.05. 

 

Results and discussion 

Effect on the bodyweight by F.pinicola Extracts 

The weight of the body is shown in Table 1. The 

results exhibited that at the start body weights were 

49.92, 45.62, 45.66, 44.12 and 41.86g for NC, DC, AE, 

FPP, and FPC treatment group respectively. At the 

end of 4 weeks, DC showed a significant reduction of 

5.87% in the body weights than the beginning. After 

treatment with F.pinicola extracts, in comparison to 

DC the weight of other groups increased by 17.04%, 

8.48%, 17.92% and 11.82% for NC, AE, FPP and FPC 

accordingly.  

 

Results analysis revealed that FPP showed better 

gains than other groups. FPP showed a 15.67% gain in 

body weight as compared with initial weight. 

Moreover, 1.07%, 6.91% and 10.32% more procure 

bodyweight than NC, FPC and AE respectively. 

 

Table 1. Effect of F.pinicola extracts on bodyweight. 

Treatments 1st week body 

weight(g) 

2nd week body 

weight(g) 

3rd week body 

weight(g) 

4th week body 

weight(g) 

NC 49.92B±0.78 50.32A±0.4 51.16A±0.55 51.76A±0.86 

DC 45.62B±1.87 44.62B±1.56 43.58C±1.43 42.94D±1.1 

AE 45.66B±0.52 45.46B±0.97 46.30B±0.45 46.92C±0.62 

FPP 44.12B±1.53 49.92A±0.52 51.08A±0.6 52.32A±0.56 

FPC 41.86C±1.86 45.26B±1.31 46.42B±0.79 48.7B±0.68 

Experiment data represent the mean ±S.D of 9 rats. Treatment groups (n=5). Significantly different at P < 0.05. 

 

Table 2. Effect of F.pinicola extracts on anti-oxidant enzymes activity. 

Treatments CAT(ng/mL) SOD(pg/mL) MDA(nmol/L) GSH-Px (pg/mL) 

DC 3.64C±0.25 5.49C±0.22 0.62AB±0.05 10.68B±1.65 

NC 4.76AB±0.39 8.15AB±0.61 0.48C±0.04 14.54A±1.05 

AE 4.16BC±0.27 7.07B±0.19 0.65A±0.09 10.74B±1.14 

FPP 5.31A±0.26 8.47A±1.06 0.5BC±0.02 17.07A±1.52 

FPC 3.56C±0.38 7.56AB±0.53 0.6ABC±0.03 15.18A±0.85 

Experiment data represent the mean ±S.D of 9 rats. Treatment groups (n=5). Significantly different at P < 0.05. 

Weight loss is the usual distinctive of diabetes, 

especially T2DM.  

 

This is caused by enhanced utilization of protein with 

reducing deposition in circumstances of non-

accessibility of carbohydrates for glucose molecules 

generation. (Chung et al., 2011) Furthermore, STZ-

induced diabetes caused the destruction of muscles so 

that the weight of both organs and ultimately the 

weight of the body is reduced. (Kasetti et al., 2010) 

Diabetes management is potently in correlation with 

bodyweight management. 
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Effect on serum insulin and FBG 

After STZ-injection the rat's blood glucose levels 

increased as compared with NC that exhibited that 

the model is successfully established for the 

procedure. The FBG was determined at the end of 

every week. After the administration of F.pinicola 

extracts, the levels of FBG decreased after 4 weeks as 

compared to the beginning. As compared with DC the 

reduction was 57.81%, 8.06%, 65.04% and 51.93% for 

NC, AE, FPP and FPC individually. It was exhibited 

that FPP showed more control than the other groups, 

as 75% more control than initially, 17%, 27% and 

61.97% more reduction than the NC, FPC and AE 

separately. (Fig. 1). 

 

Fig. 1. Effect of F.pinicola extracts on FBG. 

In the current study, serum insulin levels were also 

determined for 4 weeks. With the STZ-induction of 

diabetes, the diabetic rat's blood insulin levels were 

greatly reduced.   

 

After 4 weeks of administration of F.pinicola extracts, 

the recovery effect was seen in the serum insulin 

levels of treated groups. According to the results and 

analysis with DC, serum insulin levels were increased 

by 14.17%, 51.12% and 42.93% for AE, FPP, and FPC 

respectively. The results further demonstrated that 

FPP showed more enhancement in insulin levels as 

compared with other groups. 5.38%, 14.34% and 

43.04% more elevation in serum insulin levels as 

compared with NC, FPC and AE respectively. (Fig. 3). 

 

T2DM is characterized by insulin deficiency. Insulin 

resistance plays an important role in T2DM that 

ultimately leads to the failure of homeostasis of 

glucose molecules metabolism and boosts the hepatic 

glucose omission. (Mazzola, 2012; Zhu et al., 2013) 

Insulin deficiency for a long span induces 

hyperglycemia and hypoinsulinemia in diabetes, lead 

to damaging peripheral organs and tissues with life-

threatening complications.(Baron, 1998; Xiao & 

Hogger, 2015) An effective procedure to treat T2DM 

is controlling both blood glucose as well as insulin 

levels. (Li et al., 2012; Lo & Wasser, 2011) Insulin is a 

prime hormone that regulates glucose homeostasis in 

the body. Insulin resistance, insufficiency, and 

deficiency are the characteristics of T2DM. 

 

Effect of F.pinicola on serum lipids profile 

STZ-induction greatly disturbed the serum lipids 

profile of diabetic rats. After the administration of 

F.pinicola extracts, a notable reduction in TC, TG, 
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and LDL-C and a valuable increase in the HDL-C was 

seen in the serum of diabetic rats. According to the 

results the reduction in TC, TG and LDL-C were, 

(16.76%, 26.16%, and 19.48%), (36.95%, 47.72%, and 

37.20%) and (17.73%, 20.65%, and 17.69%) for AE, 

FPP and FPC respectively. On the other hand, the 

HDL-C levels were enhanced by 1.05%, 27.64% and 

2.77% for AE, FPP and FPC accordingly. The results 

demonstrated that FPP showed more reduction of TC, 

TG, and LDL-C as compared with other treatment 

groups, as (-15.04%, 8.29% and 11.35%), (1.68%, 

16.74% and 17.07%), (4.49%, 3.6% and 3.55%) than 

NC, FPC and AE separately. HDL-C for FPP was 

increased as 19.87%, 25.57% and 26.87% for NC, FPC 

and AE individually. (Fig. 2). 

 

Fig. 2. Effect of F.pinicola on lipid metabolism of diabetic rats. 

 

Fig. 3. Effect of F.pinicola extracts on Serum Insulin. 
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The liver is the primary vital organ in the body that 

carries out the metabolism of lipids and maintains a 

homeostatic level of cholesterol. (Adams et al., 2011) 

Hyperlipidemia to a chronic stage causes a harmful 

effect on the hepatic tissues and ultimately leads to 

insulin resistance and cardiovascular complications in 

the body. (Association, 2013; Dey & Lakshmanan, 

2013) Hyperlipidemia more frequently leads to a 

generation of a condition called dyslipidemia in the 

body and alternatively establish the insulin resistance 

in the periphery by increasing the free fatty acids. 

(Ginsberg, 2000; K. Wu et al., 2013). 

 

Fig. 4. Effect of F.pinicola extracts on Hepatic Glycogen. 

Effect on anti-oxidants enzymes 

As shown in Table 2, in the STZ-induced diabetic rats, 

liver CAT, SOD, and GSH-Px levels significantly 

reduced. In contrast, the MDA level in diabetic rats 

enhanced the toxic point. After treatment of 4 weeks, 

the diabetic rat's hepatic antioxidant enzymes levels 

increased with the decrease in toxic MDA levels. 

According to the results, the haptic anti-oxidant 

enzymes, CAT, SOD and GSH-Px levels increased by 

(12.5%, 31.45% and -2.24%), (22.34%, 35.18% and 

27.38%) and (0.55%, 37.43% and 29.64%) for AE, 

FPP and FPC respectively. The reduction in lethal 

MDA levels was -4.61%, 19.35% and -3.33% 

accordingly. Analysis of results with other groups 

revealed that FPP satisfied all parameters effectively. 

CAT, SOD and GSH-Px enhanced rates for FPP were 

(10.35% > NC, 32.95% > FPC, 21.65% > AE), (3.77% > 

NC, 10.74% > FPC, 16.52% > AE) and (14.82% > NC, 

11.07% > FPC, 58.93% > AE) respectively. Results 

further demonstrated that FPP group MDA reduction 

is more than NC, FPC and AE as 20%, 4% and 16.66% 

respectively. 

 

Under severe hyperglycaemic conditions, the 

origination of ROS occurs, ROS production is caused 

by various biochemical reactions such as lipid 

peroxidation and non-enzymatic glycation as a result 

of decreased activity of antioxidant enzymes. (Singh 

et al., 2005)  Furthermore, ROS cause the destruction 

of body anti-oxidant defensive mechanism that 

ultimately set-up the vascular complications and 

pathogenesis. (Pham-Huy et al., 2008). 

 

Enzymes such as CAT, SOD, GSH-Px and inorganic 

compound MDA play a prime role in increasing the 

oxidative stress of the cell in vivo. (Meenatchi et al., 

2017; H. Zhao et al., 2016) Hyperglycemia suppresses 

the antioxidant enzymes in the liver. MDA is a 

reactive compound and its high levels in the body lead 

to lethal effects on cells(Davey et al., 2005). 
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Furthermore, MDA has used a parameter to monitor 

oxidative stress in an organism(H. Zhao et al., 2016). 

 

Effect on TP and Glycogen by F.pinicola extracts 

In carbohydrate deficiency, the body targets the 

protein contents for glucose production as an energy 

source. So protein destruction is a common situation 

in diabetes. (Chung et al., 2011; Kasetti et al., 2010). 

   

In the current study, TP contents of the liver and 

kidneys were determined. It was a determination of 

the accumulation of protein contents after F.pinicola 

extracts treatment. According to results, a significant 

reduction was seen in both hepatic and kidneys TP 

after STZ-induced diabetes. After F.pinicola extracts 

supplementation, a significant gain in TP was seen in 

both organs. Results confirmed that the FPP, TP gain 

for both organs was more than other treatment 

groups, in comparison with DC the gain was 50.76% 

and 23.22% for liver and kidney respectively. FPP 

group TP gain was also better than the NC, FPC and 

AE treatment groups. As shown by results hepatic TP 

gain was 21.3%, 4.07% and 41.46% more than NC, 

FPC and AE respectively, and kidneys TP gain was 

23.22%, 0.54% and 20.28% accordingly. (Fig. 4).

 

Fig. 5. Effect of F.pinicola on TP of liver and kidney. 

On the intracellular level of the organism, glucose 

store in the form of glycogen in the liver and muscle. 

Glycogen production by the enzyme glycogen 

synthase is primarily performed by hormone insulin 

and inhibits glycogen phosphorylase. In a diabetic rat, 

the level of glycogen storage is directly related to the 

insulin level, and furthermore it is a key parameter to 

examine the insulin deficiency in T2DM. (Jung et al., 

2007; Li et al., 2012) Glycogen storage at the hepatic 

level was prominently decreased after STZ-induced 

diabetes. After treatment with F.pinicola extracts for 

4 weeks, a prominent increase in hepatic glycogen 

was seen. The storage ratio was 30.04%, 54.21% and 

42.18% for AE, FPP and FPC respectively.  

 

In comparison with NC, FPC and AE, the FPP group 

showed more hepatic deposition.  

 

The deposition ratio was 13.08%, 20.81% and 34.55% 

more than NC, FPC and AE respectively. These results 

clearly stated that F.pinicola extracts treatment 

increased insulin production by β-cells that ultimately 

led to the accumulation of glycogen on the hepatic 

site. (Fig. 5). 
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Conclusion 

Results of the study concluded that FPP showed more  

Anti-diabetic, anti-oxidant and anti-lipidemic effects 

than other treatment groups. FPP at a dose of 

300mg/kg/day had a more antihyperglycemic effect 

with serum insulin deficiency rehabilitation. FPP 

showed a valuable gain in body weight and TP 

contents of both kidney and liver.  

 

Additionally, FPP exhibited a significant lipid 

metabolism in diabetic rats by normalizing the 

increased levels of LDL-C, TC, and TG and by 

increasing the HDL-C. Furthermore, FPP prevented 

the cells and tissues from oxidative stress with 

enhanced activities of CAT, SOD, and GSH-Px and 

declined the lethal activity of MDA. All parameters 

indicated that F.pinicola polysaccharide (300mg/kg) 

extract had more anti-diabetic, anti-oxidant and anti-

hyperlipidemic potential than FPC (300mg/kg) and 

AE (300mg/kg), revealed that F.pinicola is a 

promising approach to cure diabetes in future. 

 

Acknowledgments 

This study was done with the support of the 

Changjiang Scholars and Innovative Research Team 

in Jilin Agricultural University, Changchun, China. 

With the help of Prof. Bao Haiying, mushroom 

specimen in required quantity was collected from 

Changbaishan Mountains (China) and further 

identified by Prof. Tolgor Bao. 

 

Conflicts of interest 

There are no conflicts to declare. 

 

References 

Adams GG, Imran S, Wang S, Mohammad A, 

Kok S, Gray DA, Harding SE. 2011. The 

hypoglycaemic effect of pumpkins as anti-diabetic 

and functional medicines. Food Research 

International 44(4), 862-867.  

 

Association AD. 2013. Diagnosis and classification 

of diabetes mellitus. Diabetes care 36(1), S67-S74.  

 

Baron AD. 1998. Postprandial hyperglycaemia and  

α-glucosidase inhibitors. Diabetes Research Clinical 

Practice 40, S51-S55.  

 

Breene WM. 1990. Nutritional and medicinal value 

of specialty mushrooms. Journal Of Food Protection 

53(10), 883-894.  

 

Cai Y, Buswell J, Chang S. 1993. Effect of lignin-

derived phenolic monomers on the growth of the 

edible mushrooms Lentinus edodes, Pleurotus sajor-

caju and Volvariella volvacea. World Journal of 

Microbiology And Biotechnology 9(5), 503-507.  

 

Cha WS, Ding JL, Shin HJ, Kim JS, Kim YS, 

Choi D, Lee CW. 2009. Effect of Fomitopsis 

pinicola extract on blood glucose and lipid 

metabolism in diabetic rats. Korean Journal Of 

Chemical Engineering 26(6), 1696-1699.  

 

Cha WS, Ding JL, Shin HJ, Kim JS, Kim YS, 

Choi D, Lee CW. 2009. Effect of Fomitopsis 

pinicola extract on blood glucose and lipid 

metabolism in diabetic rats. Korean Journal of 

Chemical Engineering 26(6), 1696-1699.  

 

Chung IM, Kim EH, Yeo MA, Kim SJ, Seo MC, 

Moon HI. 2011. Antidiabetic effects of three Korean 

sorghum phenolic extracts in normal and 

streptozotocin-induced diabetic rats. Food Research 

International 44(1), 127-132.  

 

Dai YC. 2012. Polypore diversity in China with an 

annotated checklist of Chinese polypores. 

Mycoscience 53(1), 49-80.  

 

Davey M, Stals E, Panis B, Keulemans J, 

Swennen R. 2005. High-throughput determination 

of malondialdehyde in plant tissues. Analytical 

Biochemistry 347(2), 201-207.  

 

Dey A, Lakshmanan J. 2013. The role of 

antioxidants and other agents in alleviating 

hyperglycemia mediated oxidative stress and injury in 

liver. Food & Function 4(8), 1148-1184.  

 



 

111 Zahid et al. 

 

Int. J. Biosci. 2020 

Gao Y, Wang P, Wang Y, Wu L, Wang X, 

Zhang K, Liu Q. 2017. In Vitro and In Vivo Activity 

of Fomitopsis Pinicola (Sw. Ex Fr.) Karst Chloroform 

(Fpkc) Extract Against S180 Tumor Cells. Cellular 

Physiology And Biochemistry 44(5), 2042-2056.  

 

Ginsberg HN. 2000. Insulin resistance and 

cardiovascular disease. Journal Of Clinical 

Investigation 106(4), 453-458.  

 

Högberg N, Holdenrieder O, Stenlid J. 1999. 

Population structure of the wood decay fungus 

Fomitopsis pinicola. Heredity 83(3), 354.  

 

Jang KH, Shin KO, Kim SD. 2005. Free amino 

acid and polysaccharide content of submerged 

mycelial culture of Fomitopsis pinicola. Korean 

Journal Of Food Preservation 12(4), 379-386.  

 

Jung U, Baek NI, Chung HG, Bang MH, Yoo 

JS, Jeong T, Kim H. 2007. The anti-diabetic effects 

of ethanol extract from two variants of Artemisia 

princeps Pampanini in C57BL/KsJ-db/db mice. Food 

Chemistry And Toxicology 45(10), 2022-2029.  

 

Kasetti RB, Rajasekhar MD, Kondeti VK, 

Fatima SS, Kumar EGT, Swapna S., Rao C A. 

2010. Antihyperglycemic and antihyperlipidemic 

activities of methanol: water (4: 1) fraction isolated 

from aqueous extract of Syzygium alternifolium seeds 

in streptozotocin induced diabetic rats. Food 

Chemistry And Toxicology 48(4), 1078-1084.  

 

Kim HM, Paik SY, Ra KS, Koo KB, Yun JW, 

Choi JW. 2006. Enhanced production of 

exopolysaccharides by fed-batch culture of 

Ganoderma resinaceum DG-6556. The Journal Of 

Microbiology 44(2), 233-242.  

 

Konno S, Aynehchi S, Dolin DJ, Schwartz AM, 

Choudhury MS, Tazaki H. 2002. Anticancer and 

hypoglycemic effects of polysaccharides in edible and 

medicinal Maitake mushroom [Grifola frondosa 

(Dicks.: Fr.) SF Gray]. International Journal Of 

Medicinal Mushrooms 4(3).  

Lee JS, Lim MO, Cho KY, Cho JH, Chang SY, 

Nam DH. 2006. Identification of medicinal 

mushroom species based on nuclear large subunit 

rDNA sequences. Journal Of Microbiology-Seoul 

44(1), 29.  

 

Lee SI, Kim JS, Oh SH, Park KY, Lee HG, Kim 

SD. 2008. Antihyperglycemic effect of Fomitopsis 

pinicola extracts in streptozotocin-induced diabetic 

rats. Journal Of Medicinal Food 11(3), 518-524.  

 

Li J, Sipple J, Maynard S, Mehta PA, Rose SR, 

Davies SM, Pang Q. 2012. Fanconi anemia links 

reactive oxygen species to insulin resistance and 

obesity. Antioxidant & Redox Signaling 17(8), 1083-

1098.  

 

Lo HC, Wasser SP. 2011. Medicinal mushrooms for 

glycemic control in diabetes mellitus: history, current 

status, future perspectives, and unsolved problems. 

International Journal Of Medicinal Mushrooms 

13(5).  

 

Mazzola N. 2012. Review of current and emerging 

therapies in type 2 diabetes mellitus. American 

Journal Of  Management Care 18(1), S17-26.  

 

Meenatchi P, Purushothaman A, 

Maneemegalai S. 2017. Antioxidant, antiglycation 

and insulinotrophic properties of Coccinia grandis 

(L.) in vitro: Possible role in prevention of diabetic 

complications. Journal of Traditional Complement 

Alternative Medicine 7(1), 54-64.  

 

Pham-Huy LA, He H, Pham-Huy C. 2008. Free 

radicals, antioxidants in disease and health. 

International Journal Of Biomedical Science 4(2), 

89.  

 

Singh N, Kamath V, Rajini P. 2005. Protective 

effect of potato peel powder in ameliorating oxidative 

stress in streptozotocin diabetic rats. Plant Food 

Human Nutrition 60(2), 49-54.  

 

Sun JE, Ao ZH, Lu ZM, Xu HY, Zhang XM,  



 

112 Zahid et al. 

 

Int. J. Biosci. 2020 

Dou WF, Xu ZH. 2008. Antihyperglycemic and 

antilipidperoxidative effects of dry matter of culture 

broth of Inonotus obliquus in submerged culture on 

normal and alloxan-diabetes mice. Journal Of 

Ethnopharmacology 118(1), 7-13.  

 

Tsai SY, Mau JL, Huang SJ. 2014. Enhancement 

of antioxidant properties and increase of content of 

vitamin D 2 and non-volatile components in fresh 

button mushroom, Agaricus bisporus (higher 

Basidiomycetes) by γ-irradiation. International 

Journal Of Medicinal Mushrooms 16(2).  

 

Wu J, Shi S, Wang H, Wang S. 2016. Mechanisms 

underlying the effect of polysaccharides in the 

treatment of type 2 diabetes: A review. Carbohydrates 

Polymers 144, 474-494.  

 

Wu K, Liang T, Duan X, Xu L, Zhang K, Li R. 

2013. Anti-diabetic effects of puerarin, isolated from 

Pueraria lobata (Willd.), on streptozotocin-

diabetogenic mice through promoting insulin 

expression and ameliorating metabolic function. Food 

Chemistry And Toxicology 60, 341-347.  

 

Xiao J, Hogger P. 2015. Dietary polyphenols and 

type 2 diabetes: current insights and future 

perspectives. Current Medicinal Chemistry 22(1), 23-

38.  

 

Yoshikawa K, Inoue M, Matsumoto Y, 

Sakakibara C, Miyataka H, Matsumoto H, 

Arihara S. 2005. Lanostane Triterpenoids and 

Triterpene Glycosides from the Fruit Body of 

Fomitopsis p inicola and Their Inhibitory Activity 

against COX-1 and COX-2. Journal Of Natural 

Products 68(1), 69-73.  

 

Zhang N, Chen H, Ma L, Zhang Y. 2013. Physical 

modifications of polysaccharide from Inonotus 

obliquus and the antioxidant properties. International 

Journal Of Biological Macromolecules 54, 209-215.  

 

Zhao H, Li S, Zhang J, Che G, Zhou M, Liu M, 

Liu Y. 2016. The antihyperlipidemic activities of 

enzymatic and acidic intracellular polysaccharides by 

Termitomyces albuminosus. Carbohydrates Polymers  

151, 1227-1234.  

 

Zhao X, Bao H, Cui B. 2010. Progress of 

researches on chemical constituents and 

pharmacogical actions of Fomitopsis pinicola. Journal 

Of Fungal Research 8(2), 119-124.  

 

Zhu J, Liu W, Yu J, Zou S, Wang J, Yao W, Gao 

X. 2013. Characterization and hypoglycemic effect of 

a polysaccharide extracted from the fruit of Lycium 

barbarum L. Carbohydrates Polymers 98(1), 8-16. 

 


