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Submerged-Culture Mycelia and Broth of the Maitake Medicinal Mushroom Grifola frondosa (Higher Basidiomycetes) Alleviate Type 2 Diabetes-Induced Alterations in Immunocytic Function
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ABSTRACT: Type 2 Diabetes mellitus (T2DM), a disease with impaired glucose, protein and lipid metabolism, low- grade chronic inflammation, and immune dysfunction, is a global public health crisis. We previously demonstrated that Grifola frondosa has bioactivities in improving glycemic responses in diabetic rats. Herein, we investigated the immunomodulatory effects of the submerged-culture mycelia and broth of G. frondosa on the peripheral blood cells (PBL) and splenocytes. Male Wistar rats were administered with saline (normal rats) or streptozotocin plus nicotinamide (T2DM rats) and were intragastrically administered with placebo, fermented mycelia, broth, or mycelia plus broth (1 g kg–1 day–1) for two weeks. In normal rats, ingestion of mycelia significantly decreased monocytes and ingestion of mycelia and broth significantly decreased the productions of interferon (IFN)-and interleukin (IL)- 4 from the PBL and splenocytes. In T2DM rats, ingestion of mycelia, broth, and mycelia plus broth significantly alleviated the increases in 2 h postprandial blood glucose and the productions of IFN-from the T-leukocytes, IL-4, and IL-6 from the monocytes and IL-4 from the T-splenocytes, as well as significantly improved the productions of tumor-necrosis factor-α from the macrophages. In conclusion, submerged-culture mycelia and broth of G. frondosa may decrease cell-medicated immunity in normal rats and improve hyperglycemia and diabetes-induced alterations in cell-medicated and innate immunities in T2DM rats.
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ABBREVIATIONS: ANOVA: analysis of variance; BMDC: bone marrow derived dendritic cells; Con A: concanvavalin A; DM: diabetes mellitus; ELISA: enzyme-linked immunosorbant assays;  FBS:  fetal  bovine serum; FITC: fluorescein isothiocyanate; GB: fermented broth of Grifola frondosa; GM: fermented mycelium of Grifola frondosa; GX: fermented mycelium plus broth of Grifola frondosa; HEPES: 4-(2-hydroxyethyl)-1- piperazineethanesulfonic acid; IDF: International Diabetes Federation; IFN: interferon; Ig: immunoglobulin; IL: interleukin; IRS: insulin receptor protein; LPS: lipopolysaccharide; LSD: least-significant difference; NK: natural killer cells; NO: nitric oxide; NT: nicotinamide; PBL: peripheral blood leukocytes; PBS: phosphate buffer saline; PDB: potato dextrose broth; PE: phycoerythrin; SEM: mean of standard error; STZ: streptozotocin; T2DM: type 2 diabetes mellitus; Th: T-helper; TNF: tumor necrosis factor; WBC: white blood cells.


I. INTRODUCTION

Diabetes mellitus is one of the common noncom- municable diseases, which  involves abnormalities in carbohydrate, fat, and protein metabolism. The International   Diabetes   Federation   (IDF)  report-

ed that more than 382 million people of 20 to 79 years of age are living with diabetes.1 The number of people with diabetes is increasing in every coun- try and about 46% of populations with diabetes are undiagnosed, especially those with type 2 diabetes mellitus (T2DM). Owing to the fact that diabetic
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complications would cause heavy burdens on personal health, family economies, and national medical sources, the prevention of T2DM and its complications has recently become an important issue worldwide.2 Today, one of the most popular approaches to prevent and delay the development of T2DM is the use of dietary supplements, nutra- ceuticals, and functional foods.3
Growing evidence suggests that T2DM pa- tients with insulin resistance suffer with low-grade systemic chronic inflammation, as shown in the el- evated pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and IL-8, and the higher counts of cytokine-secret- ing cells in the circulation.4–6 These changes lead to an imbalanced immune system in T2DM.7,8 Winer et al. 9,10 indicated that CD4+ T cells play a key role in the pathophysiology of T2DM and anti-CD3 (T- cell depletion) and anti-CD20 (B-cell depletion) immunotherapy can improve obesity and insulin resistance in diabetic mice. These results implied that patients with T2DM may have impaired cel- lular and/or humoral immunities.
Maitake medicinal mushroom or ram’s head mushroom, Grifola frondosa (Dicks.:Fr.)S.F.Gray (Meripilaceae, Polyporales, higher Basidiomyce- tes), the so-called dancing mushroom, has been used as an ingredient in health tonics, tinctures, teas, soup, and herbal formulas in Chinese cul- ture. It is a high value medicine mushroom in Japan and China. Numerous studies indicate   that
G. frondosa, a basidiomycete fungus, has various bioactivities, such as anti-hyperglycemia,10 anti- hyperliplidemia,11 anti-hepatitis,12 anti-atheroscle- rosis,13 antitumor,14 and anti-neurodegenerative effects.15 The fruiting bodies and the fermented mycelia and/or broth of G. frondosa significantly decreased serum triglyceride and cholesterol via the upregulation of LDL receptor mRNA expres- sion and cholesterol transport/excretion and alle- viated hyperglycemia via the activation of insulin receptor protein.16 The immunomodulatory ef- fects of the extracts of G. frondosa, particularly the soluble β-glucan compounds, have been used to treat cancers to enhance the host immune sys- tem, as evidenced by  the elevated   differentiation
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of monocytic myeloid-derived suppressor cells and the improvement of the tumor-induced im- munosuppression.17–19 These G. frondosa-derived polysaccharides have been found to enhance both the innate and adaptive immunities by increasing the splenocytic proliferation, the cytokine secre- tions, and the activations of natural killer (NK) cells, bone-marrow-derived dendritic cells, and macrophages.20–24 In addition, G. frondosa has a strong capacity in scavenging free radicals and in enhancing nitric oxide (NO) production.23–25 All these findings imply that G. frondosa may act as an immunomodulatory, antitumor, and antioxidant agent. However, few studies ever investigate the immunomodulatory activity of submerged culture products of G. frondosa in diabetes.
Using a diabetic rat model, our previous study revealed that submerged-culture mycelia and broth of G. frondosa significantly improved glycemic responses.10 In the present study, we further in- vestigated the immunomodulatory effects of these submerged-culture mycelia and broth on T2DM rats. To evaluate the changes in systemic and tissue immunities, we determined the subpopulation dis- tribution of immunocytes in the peripheral blood and spleen. We also evaluated the effects of my- celia and/or broth of G. frondosa on immunocytic functions, including the cell proliferation and the productions of cytokines from the leukocytes and splenocytes with and without mitogen stimulation.


II. MATERIALS AND METHODS

A. Animals and Experimental Design

The research protocol and the care and handling of the animals were approved by the Laboratory Ani- mal Care and Use Committee at Changhua Chris- tian Hospital, Changhua, Taiwan. Male  Wistar rats (National Taiwan University, Taipei, Taiwan) initially weighing around 200–220 g were housed in individual stainless steel cages with free access to water and rat chow (1320 Rat & Mouse Main- tenance diet, Altromin GmbH, Germany) from 1100 h to 1400 h in a room maintained at 22°C on
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