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Abstract. Mushrooms are considered as a valuable source of important nutrients having 

hepatoprotective and anti-hyperlipidemic actions. Present experimental research was done 

to explore the beneficial role of mushroom on health in hypercholesterolemia. Total thirty 

Swiss albino mice were taken and randomly divided into three groups: control A, group B 

and group C. Each group consisted of ten mice. The control A group was fed with normal 

mice pellet and fresh water. Group B was fed with hypercholesterolemic diet and group C 

was supplied hypercholesterolemic diet with mushroom powder (500g/kg/mice body 

weight) for 60 days. After the experimental tenure, mice of each group were sacrificed 

ethically and the samples (liver and blood) were collected for gross, histological study and 

lipid profile analysis.  Increased liver weight, pale and hemorrhagic liver in gross 

observation along with some histological changes including dilation and congestion of 

central and portal vein, fat accumulation in hepatocyte and marked lymphocytic infiltration 

were found in group B, while mushroom supplementation recovered this gross and 

histological changes and reduced liver weight in group C. Just mild congestion and dilation 

was in the portal vein of group C. In lipid profile analysis, total cholesterol (TC), 

triglyceride (TG) and low density lipoprotein (LDL) level significantly reduced 

respectively by 10%, 38% and 17% in group C than group B. High density lipoprotein 

(HDL) level also significantly increased by 20% in group C compared to group B. 

Therefore, it can be concluded that mushrooms might have potentially beneficial actions in 

recovering of some complications in hypercholesterolemia. 

Keyword: Hepatoprotective, Hypocholesterolemic properties, Hypercholesterolemia, 

Mushroom, Swiss albino mice. 

 

Abstrak. Jamur dianggap sebagai sumber nutrisi penting yang berharga yang memiliki 

aktivitas sebagai hepatoprotektif dan anti hiperlipidemia. Penelitian eksperimental ini 

dilakukan untuk mengeksplorasi peran menguntungkan jamur pada kesehatan salah 

satunya  hiperkolesterolemia. Mencit Swiss albino sebanyak tiga puluh ekor diambil dan 

dibagi secara acak menjadi tiga kelompok yaitu kontrol A, kelompok B dan kelompok C. 

Setiap kelompok terdiri dari sepuluh ekor mencit. Kelompok kontrol A diberi pakan pelet 

tikus normal dan air tawar. Kelompok B diberi diet hiperkolesterolemia dan kelompok C 

diberi diet hiperkolesterolemia bubuk jamur (500g/kg/berat badan tikus) selama 60 hari. 
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Setelah masa percobaan, tikus dari masing-masing kelompok dikorbankan secara etis dan 

sampel (hati dan darah) dikumpulkan untuk studi makroskopis, histologis dan analisis 

profil lipid. Peningkatan berat hati, hati pucat dan hemoragik dalam pengamatan  bersama 

dengan beberapa perubahan histologis termasuk pelebaran dan kongesti vena sentral dan 

portal, akumulasi lemak di hepatosit dan infiltrasi limfositik yang nyata ditemukan pada 

kelompok B, sementara suplementasi jamur memulihkan perubahan besar dan histologis 

ini dan penurunan berat hati pada kelompok C. Hanya kongesti dan pelebaran ringan pada 

vena portal kelompok C. Dalam analisis profil lipid, kadar kolesterol total (TC), 

trigliserida (TG) dan lipoprotein densitas rendah (LDL) berkurang secara signifikan 

masing-masing sebesar 10% , 38% dan 17% pada kelompok C dibandingkan kelompok B. 

Tingkat high density lipoprotein (HDL) juga meningkat secara signifikan sebesar 20% 

pada kelompok C dibandingkan dengan kelompok B. Oleh karena itu, dapat disimpulkan 

bahwa jamur mungkin memiliki tindakan yang berpotensi bermanfaat dalam pemulihan 

beberapa komplikasi pada hiperkolesterolemia. 

Kata Kunci: Hepatoprotektif, Hiperkolesterolemia, Jamur, mencit Swiss albino. 

Received 30 June 2021 | Revised 5 August 2021| Accepted 7 August 2021 

1 Introduction 

Mushrooms are considered as an important food items for their nutritional value and therapeutic 

properties [1]. Since ancient times, mushrooms have been consumed by human as normal diet 

and also as delicious foods due to its highly desirable taste and aroma [2] . Mushrooms contain 

high moisture percentage based on harvest, growth and storage conditions [3]. Agaricus 

bisporus (white button mushroom; WBM) contains high level of dietary fibers and antioxidants 

including vitamin C, D, and B12, folates and polyphenols. Dry Agaricus bisporus fruit bodies 

contains carbohydrate 48.9-38.3%, fibers 23.3-17.7%, ash 11.00-7.77%, and fat 3.92-2.53% [4]. 

It is also a good source of B vitamins such as riboflavin, niacin and pantothenic acid, selenium 

copper, phosphorus, zinc, potassium, minimal or no vitamin C and sodium [5]. Nutritional 

components (% in grams) of edible mushroom (Agaricus bisporus) [6]  have also been enlisted 

in (Table 1). Cardiovascular diseases are associated with daily diet [5]. Diet with high saturated 

fatty acids increase LDL cholesterol level and cause cardiovascular diseases [7]. Most research 

stated that medical mushrooms had beneficial role on blood cholesterol and cardiovascular 

diseases [8]. In clinical practices, bioactive compounds derived from the extract of mushroom 

have been widely used for the prevention and treatment of diseases such as diabetes, cancer, 

immune system disorders and infections [9]. The main beneficial role of mushroom includes 

cholesterol and blood pressure lowering properties, liver protective, antidiabetic and 

antimicrobial activities [10,11]. 

Table 1. Chemical constituents of fresh and conserved sample of mushroom (Agaricus 

bisporus) (% in grams) 

Chemical constituents Agaricus bisporus fresh Agaricus bisporus conserved 

DM (%) 9.62±1.04 8.23±0.73 

Crude protein (DM %) 34.84±0.05 40.6±0.4 
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Crude fat (DM %) 2.28±0.02 2.30±0.015 

Crude ash (DM %) 9.23±0.06 8.34±0.12 

 

Mushrooms accumulate a variety of secondary metabolites, including phenolic compounds, 

terpenes and steroids where a phenolic compound has been found to be an excellent antioxidant 

and synergist that is not mutagenic. Antioxidant compounds prevent oxidative damage related to 

aging and diseases, such as atherosclerosis, diabetes, cancer, and cirrhosis. Mushrooms that 

contain antioxidants or increase antioxidant enzyme activity may be used to reduce oxidative 

damage. These appear to be the main endogenous sources of most of the oxidants produced by 

cells. Exogenous sources of free radicals include tobacco smoke, ionizing radiation, certain 

pollutants, organic solvents and pesticides. They are capable of attacking the healthy cells of the 

body, causing them to lose their normal structure and function [12]. 

 

Medicinal mushroom is an excellent natural sources of therapeutic agent and also scientifically 

known as efficacious and safe medcinal herbs [13].  Agaricus bisporus is low in fat content but 

they contain some essential fatty acids such as linoleic acid. Agaricus bisporus contains 20- and 

5-folds more linoleic acid than Ganoderma lucidum and Pleurotus ostreatus respectively [14]. 

This linoleic acid is essential for human health and reduces atherosclerosis [15]. Triterpenoids 

extract of Ganoderma lucidum (75% ethanol) can protect mice against hepatic necrosis induced 

by chloroform and d-galactosamine [16]. Polysaccharides derived from mushrooms exhibit 

diverse activities that have been isolated from Agaricus bisporus and Coprinus comatus [17,18]. 

Mushrooms in daily diet could significantly decrease (*p < 0.05) total cholesterol (TC), 

triglyceride (TG), low-density lipoprotein (LDL) and significantly increase (*p < 0.05) high 

density lipoprotein (HDL) level [19]. Mushrooms intake creates an effective influence on some 

metabolic markers (total cholesterol, LDL, HDL cholesterol, triglyceride, blood pressure, 

homeostatic function and oxidative inflammatory damage) that potentially reduce the risk of 

heart diseases. Edible mushrooms reduce cardiovascular risk factors such as low-density 

lipoprotein (LDL) cholesterol and high total cholesterol (TC), atherosclerosis, high blood 

pressure and oxidative and inflammatory damage [20].  Agaricus bisporus supplementation 

significantly corrected diet induced hypercholesterolemia [21].
 From some other researches, 

medicinal mushrooms (Agaricus bisporus) are rich in specific β-glucans and chitin (dietary 

fibre) which may reduce serum LDL-cholesterol level by prohibiting cholesterol absorption and 

rising the faecal excretion of bile acids [22]. Oyster mushrooms (P. sajor-caju, Pleurotus 

ostreatus and P. florida) significantly corrected the level of different biochemical parameter and 

reduce the body weight in hypercholesterolemic rats [23]. Therefore, this study is the most 

specialized research to highlight the beneficial effects of mushroom consumption in 

hypercholesterolemia.     
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2  Materials and Methods  

2.1. Location of the study 

The research was performed in the laboratory of the Department of Anatomy and Histology, 

Bangladesh Agricultural University, Mymensingh-2202, Bangladesh and the samples were also 

processed in the same laboratory.                                 

2.2. Selection of experimental mice 

Total thirty experimental Swiss albino mice with age of 3 weeks and weigh of about 20 to 22 

grams were purchased from the Department of Pharmacy, Jahangirnagar University, Dhaka, 

Bangladesh.   

2.3. Animal care and management 

The mice were adapted at Animal Care Room in the Department of Anatomy and Histology, 

Bangladesh Agricultural University, Mymensingh-2202, for 7 days before being used for the 

experiment. In the research period the mice were supplied normal mice pellet with water to 

adapt the environmental condition and the experimental research laboratory was cleaned and 

washed on daily basis and proper hygienic and sanitary safety procedures were also taken 

(Figure 1).   

 

 

 

 

                

 

Figure 1. Selection and proper management of experimental Swiss albino mice 

2.4. Collection and preparation of mushroom powder 

At first mushrooms (Agaricus bisporus)  were collected from Horticulture Center, Bangladesh 

Agricultural University, Mymensingh-2202, Bangladesh (Figure 2). Then mushrooms were 

cleaned and allowed them to dry completely for better dehydration. Mushrooms were sliced into 

thin slices and blender was filled with dehydrated mushrooms. Then blending was started until 

getting fine powder. Finally   mushroom powder was stored in an air tight container for future 

use. 
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                                                Figure 2. Agaricus bisporus 

2.5. Study Design 

The experimental Swiss albino mice were randomly divided into three (3) groups: control A, 

group B and group C; each having ten (10) mice. The control A group was fed with normal 

mice pellet and fresh water, group B was supplied with hypercholesterolemic diet (cow brain, 

2g/kg body weight orally once daily) and group C was fed with hypercholesterolemic diet (cow 

brain, 2g/kg body weight/mice orally once daily) combined with mushroom powder (500g/kg 

body weight/mice) for 60 days.  

2.6. Sample collection 

After the experimental tenure (60 days), mice of each group were sacrificed ethically by doing 

chloroform anesthesia (Figure 3). Immediately after killing, the sample (liver) was collected in 

order to investigate the gross and histological study along with blood sample about 5ml was also 

collected from each mice by cardiac puncture following dissection for serum biochemical 

analysis. Finally hematoxylin and eosin (H&E) staining (liver sample) was done and examined 

under a light microscope.  

 

                      Figure 3. Sample (blood) collection after chloroform anesthesia 
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2.7. Biochemical analysis  

Total cholesterol (TC), triglyceride (TG) and high-density lipoprotein (HDL) cholesterol, were 

measured by using commercial kits (Asan Pharm Co Ltd, Seoul, Korea). The LDL cholesterol, 

were calculated using the following formula:  

LDL cholesterol = total cholesterol − HDL cholesterol− (triglyceride/5)[24] 

2.8. Statistical analysis 

All the collected data were analysed by using Statistical Package for the Social Sciences (SPSS: 

version 20) software and reveal the results in tabular form. Statistical analysis was performed 

using one-way analysis of variance (ANOVA). Results were expressed as Mean ± SD. 

Differences between groups were considered significant at **p < 0.01 and *p < 0.05 level. 

 

2.9. Ethical approval  

The present study and all experimental procedures were approved and performed according to 

the guidelines for the care and use of animals as established by Animal Welfare and 

Experimentation Ethics Committee, Bangladesh Agricultural University, Mymensingh-2202, 

Bangladesh.  

 

3  Results And Discussion 

3.1. Weight of liver 

 In the gross study of liver, it was observed that the mean weight of liver changed in different 

groups. Mean weight of liver increased in hypercholesterolemic group B (1.832 ± 0.049 g) 

compare to control group A (1.758 ± 0.022 g) of mice due to hypercholesterolemic diet (Figure 

4). On the other hand, mean weight of liver reduced in mushroom supplemented group B (1.756 

± 0.027 g).  

3.2. Gross study 

The results of the study showed that normal morphological appearance (Reddish, smooth, and 

shiny) of liver was found in the control group A of mice. Pale and hemorrhagic liver found in 

the mice of hypercholesterolemic group B (Figure 4). On the other hand, no significant change 

was observed in liver of mushroom supplemented group C.  
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Figure 4. Gross photograph of liver of control A, hypercholesterolemic group B and mushroom 

supplemented group C of mice. Liver became pale and showing hemorrhage (black arrow) in 

hypercholesterolemic group B of mice. Control A and mushroom supplemented group C 

showing normal gross morphology of liver. 

 

3.3. Histological study 

Histological observation of liver showing dilation of central and portal vein, congestion in both 

portal and central vein, fat accumulation in hepatocyte and marked lymphocytic infiltration in 

hypercholesterolemic group B. But mushroom consumption prevents fat deposition in 

hepatocyte and lymphocytic infiltration. Only mild congestion and dilation of portal vein was 

found in mushroom supplemented group C (Figure 5-7).  

 

 

 

 

 

 

Figure 5. Photomicrographs of liver of control A group of mice showing normal central vein 

(CV) and portal vein (PV). CV= Central vein, PV=Portal vein, BD= Bile duct, HA=Hepatic 

artery, HS=Hepatic sinusoids, H= Hepatocytes. Images were photographed with a 40X 

objective (H&E stain). 
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Figure 6. Photomicrographs of liver of hypercholesterolemic group B of mice showing 

congestion and dilation in both central vein (CV) and portal vein (PV) (arrow), marked 

lymphocytic infiltration (rectangle) and fatty infiltration in the hepatocytes. Images were 

photographed with a 40X objective (H&E stain). 

 

 

 

 

Figure 7. Photomicrographs of liver of mushroom supplemented group C of mice showing only 

mild congestion and dilation of portal vein. BD= Bile duct. Images were photographed with a 

40X objective (H&E stain). 

3.4. Lipid profile analysis 

In the current experiment, the mean value of total cholesterol (TC) concentration increased by 

27% in group B of mice compared to control A mice. Total cholesterol (TC) concentration 

decreased by 9% in group C compared to group B of mice (Table 2 and Figure 8). Triglyceride 

(TG) concentration increased by 72% in group B compared to control A mice. Triglyceride 

(TG) concentration decreased by 27% in group C compared to group B of mice (Table 2 and 

Figure 8). High density lipoprotein (HDL) level decreased by 31% and low density lipoprotein 

(LDL) level increased by 197% in group B mice compared to control A mice (Table 2 and 

Figure 8). High density lipoprotein (HDL) increased by 44% and low density lipoprotein (LDL) 

level decreased by 47% in group B compared to group C of mice (Table 2 and Figure 8). 
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Figure 8. Effects of mushroom feeding on lipid profile. Results are shown as Mean ± SD. Bars 

with different letter (a, b and c) indicate significant differences at *p < 0.05. 

Table 2. Effects of mushroom (Agaricus bisporus) feeding on serum lipid profile  

Parameters (mg/dl) Control (A) Group (B) Group (C) 

TC 141.296±0.318a 179.044± 0.412b 162.358±0.537a 

TG 115.108±1.067a 231.294± 0.258c 143.876±0.535b 

HDL 94.481± 0.395a 78.906 ± 0.417b 94.410±0.527a 

LDL 24.892±  0.273a 46.544 ± 0.203c 38.618±0.522b 

 

Musroom is being used as a traditional medicine for its antihyperglycemic and 

antihyperlipidemic potentials. Agaricus bisporus extracts or its bioactive compounds use as 

anti-cancer, antioxidant and anti-inflammation in all over the world as well as many human 

diseases such as diabetes mellitus, coronary heart diseases, fungal and bacterial infections, 

disorders of the many human immune system and cancers [25]. Due to the ossessing of protein 

and fiber, mushrooms have also been found to be beneficial for weight loss [26]. This statement 

accurately reflect the gross observation of the present study where we found, mean weight of 

liver significantly increase in hypercholesterolemic group B, but in mushroom supplemented 

group C liver weight was about to similar as control group A. Hypercholesterolemic diet 

induces hepatic steatosis, pale and hemorrhagic liver. Hepatic steatosis mainly occurs due to the 

accumulation of fat droplets in hepatocytes. In the present research, pale and mild hemorrhagic 

liver was found in hypercholesterolemic group B. On the other hand, mushroom consumption in 

a regular basis helps to remain the structure of liver in normal like control group [1]. Edible 
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mushrooms not only reduce liver enzyme but also protect liver from fibrosis. 

Hypercholesterolemic diet causes dilation of central and portal vein, congestion in both portal 

and central vein, fat accumulation in hepatocyte and marked lymphocytic infiltration. Mainly 

due to the fat accumulation in hepatocytes as well as for congestion, central or portal vein 

become narrower or dilated 27,28,29]. Feeding of white button mushroom showed less fat 

accumulation in the cell of liver [30]. Eating of dried mushroom may protect the liver from 

congestion of central vein and infiltration with chronic inflammatory cells [31]. But sometimes 

mushroom supplementation may not recover the congestion of central vein (CV) with absence 

of fat droplets in hepatocyte [32]. Early investigation reports showed that mushroom intake is an 

effective strategy for obesity prevention because it reduced visceral fat accumulation [33]. In the 

present study, mushroom (Agaricus bisporus) consumption in diet reduced triglyceride (TG), 

total cholesterol (TC) and low density lipoprotein (LDL) level respectively by 9%, 27%, 47% 

and increased high density lipoprotein (HDL) level by 44% compared to hypercholesterolemic 

mice (Table 2 and Figure 8). Some of the researchers mentioned the similar findings as our 

current study that in hypercholesterolemic mice, oral feeding of Agaricus bisporus about 4 

weeks resulted in a noticeable decrease in low-density lipoprotein (LDL) and plasma total 

cholesterol (TC) (33.1% and 22.8% respectively) (*p <0.05) and significant decrease in TG 

concentrations approximately by 20.8% (*p  < 0.05) [19]. Triglyceride (TG), total cholesterol 

(TC) and low-density lipoprotein (LDL) were significantly decreased (*p < 0.05) along with 

HDL cholesterol was significantly increased (*p < 0.05) by the 2% mushroom intake with daily 

feed compared to the control group [4]. Feeding of 5% oyster mushrooms (Pleurotus sajor-caju, 

Pleurotus ostreatus, and Pleurotus florida) powder reduced the plasma total cholesterol level by 

21%, 37% and 16% respectively and reduced the triglyceride level by 24%, 45% and 14% 

respectively. LDL ratio also reduced by 45%, 64% and 41% for Pleurotus sajor-caju, Pleurotus 

ostreatus and Pleurotus florida fed rats, respectively. Our present findings are also similar with 

the other study that consumption of mushroom powder increases the excretion of total lipids and 

cholesterol through faecal matter that exhibited the hypocholesterolemic activities [34,35]. 

Agaricus bisporus contains 565.4 mg/kg of lovastatin and white button mushroom decrease the 

total serum cholesterol level [36]. Mushroom also contain both soluble and in soluble fibers; 

where the soluble fibre is mainly chitosans and beta-glucans polysaccharides that are the 

components of cell walls. This soluble fibre prevents and manages cardiovascular diseases.  

 

5. Conclusion 

Most of the people in our society don’t have any idea about their daily diet. Lack of exercise 

and frequent consumption of fatty foods enormously develop various health complications. Our 

society fully depends on commercial drug for such type of health complications but they are not 

habituated with herbal medicine which is fully free from side effects and having early 
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recovering actions along with its cost effectiveness. From the present study, it can clearly be 

suggested that mushroom (Agaricus bisporus) has significant health benefits especially 

hepatoprotective as well as hypolipidemic actions. Further studies are also necessary to know 

how the mushroom abates the hypercholesterolemia along with recover the cellular alteration of 

hypercholesterolemic liver in mice.   

 

Acknowledgements 

We are grateful to all personnel involved in this research study for their valuable time, 

opinion, advice, and suggestions. The author would like to thank the Department of 

Anatomy and Histology, Faculty of Veterinary Science, Bangladesh Agricultural 

University, Mymensingh-2202, for their technical assistance. A special gratitude to 

MoST (Ministry of Science and Technology), Bangladesh for providing the NST 

(National Science and Technology, 2018-2019) (NST SL No. 303 and ID No. 4110) 

fellowship as a financial support to conduct the research smoothly. 

 

Conflict of interest 

We declare that we have no conflicts of interest to disclose. 

 

REFERENCES 

 [1] Safwat MS, Al Kholi MA. Recent trends, reality and future in the production, manufacture 

and marketing of medicinal and aromatic plants. The Egyptian Association for producers, 

manufacturers and exporters of medicinal and aromatic plants (Asmap.), Giza, Egypt. 

2006. 

[2] Kurbanoglu EB, Algur OF. The influence of ram horn hydrolyzate on the crop yield of the 

mushroom Agaricus bisporus. Sci Hortic 2002;94(3-4):351-357. 

[3] Guillamón E, García-Lafuente A, Lozano M, Rostagno MA, Villares A, Martínez JA. Edible 

mushrooms: role in the prevention of cardiovascular diseases. Fitoterapia 2010;81(7):715-

723. 

[4] Tsai SY, Wu TP, Huang SJ, Mau JL. Nonvolatile taste components of Agaricus bisporus 

harvested at different stages of maturity. Food Chem 2007;103(4):1457-64. 

[5] Tourlouki E, Matalas AL, Panagiotakos DB. Dietary habits and cardiovascular disease risk 

in middle-aged and elderly populations: a review of evidence. Clin Interv Aging 

2009;4:319. 

[6] Teklit GA. Chemical composition and nutritional value of the most widely used mushrooms 

cultivated in Mekelle Tigray Ethiopia. Nutr Food Sci 2015;5(5):1. 



12 

 

 

Indonesian Journal of Pharmaceutical and Clinical Research (IDJPCR) Vol. 04, No. 2, 2021 

[7] Lichtenstein AH, Kennedy E, Barrier P, Danford D. Dietary fat consumption and 

health/discussion. Nutr Rev 1998;56(5):S3. 

[8] Mattila P, Könkö K, Eurola M, Pihlava JM, Astola J, Vahteristo L, Hietaniemi V, 

Kumpulainen J, Valtonen M, Piironen V. Contents of vitamins, mineral elements, and 

some phenolic compounds in cultivated mushrooms. J Agric Food Chem 2001;49(5):2343-

8. 

[9] Deepalakshmi K, Mirunalini S. Therapeutic properties and current medical usage of 

medicinal mushroom: Ganoderma lucidum. International Journal of Pharmaceutical 

Sciences and Research 2011;2(8):1922. 

[10] Ooi VE, Liu F. A review of pharmacological activities of mushroom polysaccharides. Int J 

Med Mushrooms 1999;1(3).  

[11] Wasser SP. Shiitake (Lentinus edodes). Encyclopedia of dietary supplements 2005:653-64. 

[12] Subbulakshmi M, Kannan M. Cultivation and phytochemical analysis of wild mushrooms 

Daldinia concentrica and Pheolus schweinitzii from Tamilnadu, India. Eur J Exp Biol 

2016;6(3):46-54. 

[13] Wasser SP. Current findings, future trends, and unsolved problems in studies of medicinal 

mushrooms. Applied microbiology and biotechnology 2011;89(5):1323-32. 

[14] Hossain MS, Alam N, Amin SR, Basunia MA, Rahman A. Essential fatty acid contents of 

Pleurotus ostreatus, Ganoderma lucidum and Agaricus bisporus. Bangladesh J Mushroom 

2007;1:1-7. 

[15] Saiqa S, Haq NB, Muhammad AH, Muhammad AA, ATA UR. Studies on chemical 

composition and nutritive evaluation of wild edible mushrooms. 

[16] Wong WL, Abdulla MA, Chua KH, Kuppusamy UR, Tan YS, Sabaratnam V. 

Hepatoprotective effects of Panus giganteus (Berk.) corner against thioacetamide-(TAA-) 

induced liver injury in rats. Evidence-Based Complementary and Alternative Medicine 

2012;2012. 

[17] Huang J, Ou Y, Yew TW, Liu J, Leng B, Lin Z, Su Y, Zhuang Y, Lin J, Li X, Xue Y. 

Hepatoprotective effects of polysaccharide isolated from Agaricus bisporus industrial 

wastewater against CCl4-induced hepatic injury in mice. Int J Biol Macromol 2016;82:678-

86. 

[18] Ozalp FO, Canbek M, Yamac M, Kanbak G, Van Griensven LJ, Uyanoglu M, Senturk H, 

Kartkaya K, Oglakci A. Consumption of Coprinus comatus polysaccharide extract causes 

recovery of alcoholic liver damage in rats. Pharm Biol 2014;52(8):994-1002. 

[19] Asadi-Dizaji A, Shahryar HA, Shaddel–Tili A, Maheri-Sis N, & Ghiasi-Ghalehkandi J. 

Effect of Level of White button mushroom (Agaricus. bisporus) on blood biochemical 

characteristics of Japanese quails (Coturnix Japonica). JNBR 2014;3(3):222-227. 

[20] Choi E, Ham O, Lee SY, Song BW, Cha MJ, Lee CY, Park JH, Lee J, Song H, Hwang KC. 

Mushrooms and cardiovascular disease. Curr Top Nutraceutical Res 2012;10(1):43. 



13 

 

 

Indonesian Journal of Pharmaceutical and Clinical Research (IDJPCR) Vol. 04, No. 2, 2021 

[21] Asad F, Anwar H, Yassine HM, Ullah MI, Kamran Z, Sohail MU. White Button 

Mushroom, Agaricus bisporus (Agaricomycetes), and a Probiotics Mixture 

Supplementation Correct Dyslipidemia without Influencing the Colon Microbiome Profile 

in Hypercholesterolemic Rats. Int J Med Mushrooms 2020;22(3). 

[22] Chen G, Luo YC, Ji BP, Li B, Guo Y, Li Y, et al. Effect of polysaccharide from 

Auricularia auricula on blood lipid metabolism and lipoprotein lipase activity of ICR mice 

fed a cholesterol‐enriched diet. J Food Sci 2008;73(6):H103-8. 

[23] Alam N, Amin R, Khan A, Ara I, Shim MJ, Lee MW, et al. Comparative effects of oyster 

mushrooms on lipid profile, liver and kidney function in hypercholesterolemic rats. 

Mycobiology 2009;37(1):37-42. 

[24] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 

lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem 

1972;18(6):499-502. 

[25] Dhamodharan GA, Mirunalini SA. Dose response study of agaricus bisporus (white button 

mushroom) and its encapsulated chitosan nanoparticles against 7, 12 Dimethylbenz (a) 

anthracene induced mammary carcinogenesis in female sprague-dawley rats. Int J Pharm 

Pharm Sci 2012;4:348-54. 

[26] Sumy AK, Jahan N, Sultana N. Study on the hepatoprotective effect of oyster mushroom 

(Pleurotus florida) against paracetamol induced liver damage in Wistar Albino rats. J 

Bangladesh Soc Physiol 2010;5(2):46-52. 

[27] Chen TQ, Wu JG, Kan YJ, Yang C, Wu YB, Wu JZ. Antioxidant and hepatoprotective 

activities of crude polysaccharide extracts from lingzhi or reishi medicinal mushroom, 

Ganoderma lucidum (Agaricomycetes), by ultrasonic-circulating extraction. Int J 

Med Mushrooms 2018;20(6). 

[28] Ooi VE. Hepatoprotective effect of some edible mushrooms. Phytother Res 

1996;10(6):536-8. 

[29] Wangkheirakpam SD, Joshi DD, Leishangthem GD, Biswas D, Deb L. Hepatoprotective 

effect of Auricularia delicata (Agaricomycetes) from India in rats: biochemical and 

histopathological studies and antimicrobial activity. Int J Med Mushrooms 2018;20(3). 

[30] Csonka C, Baranyai T, Tiszlavicz L, Fébel H, Szűcs G, Varga ZV, Sárközy M, Puskás LG, 

Antal O, Siska A, Földesi I. Isolated hypercholesterolemia leads to steatosis in the liver 

without affecting the pancreas. Lipids in health and disease 2017;16(1):1-4. 

[31] Mishra S, B Singh R. Effect of mushroom on the lipid profile, lipid peroxidation and liver 

functions of aging Swiss albino rats. The Open Nutraceuticals J 2010;30:3(1). 

[32] Ismail TA, Soliman MM, Nassan MA, Mohamed DI. Antihypercholesterolemic effects of 

mushroom, chrysin, curcumin and omega-3 in experimental hypercholesterolemic rats. J 

Food Nutr Res 2015;3(2):77-87. 



14 

 

 

Indonesian Journal of Pharmaceutical and Clinical Research (IDJPCR) Vol. 04, No. 2, 2021 

[33] Shimizu T, Mori K, Ouchi K, Kushida M, Tsuduki T. Effects of dietary intake of Japanese 

mushrooms on visceral fat accumulation and gut microbiota in mice. Nutrients 

2018;10(5):610. 

[34] Gunde-Cimerman N, Plemenitas A. Hypocholesterolemic Activity of the Genus Pleurotus 

(Jacq. Fr.) P. Kumm.(Agaricales s. I., Basidiomycetes). Int J Med Mushrooms 2001;3(4). 

[35] Hossain S, Hashimoto M, Choudhury EK, Alam N, Hussain S, Hasan M, et al. Dietary 

mushroom (Pleurotus ostreatus) ameliorates atherogenic lipid in hypercholesterolaemic 

rats. Clin Exp Pharmacol Physiol 2003;30(7):470-5. 

[36] Chen S, Oh SR, Phung S, Hur G, Ye JJ, Kwok SL, et al. Anti-aromatase activity of 

phytochemicals in white button mushrooms (Agaricus bisporus). Cancer Res 

2006;66(24):12026-34. 

 

 

 

 

 

 

 

 

 

 


