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Abstract The hypoglycemic activity of fermented mushroom of three fungi of basidio-
mycetes rich in vanadium was studied in this paper. Alloxan- and adrenalin-induced
hyperglycemic mice were used in the study. The blood glucose and the sugar tolerance were
determined. After the mice were administered (ig) with Coprinus comatus rich in
vanadium, the blood glucose of alloxan-induced hyperglycemic mice decreased (p<0.05),
ascension of blood glucose induced by adrenalin was inhibited (p<0.01) and the sugar
tolerance of the normal mice was improved. However, the same result did not occur in
Ganoderma lucidum and Grifola frondosa group. Compared with Ganoderma rich in
vanadium and Grifola frondosa rich in vanadium, the hypoglycemic effects of Coprinus
comatus rich in vanadium on hyperglycemic animals are significant; it may be used as a
hypoglycemic food or medicine for hyperglycemic people.
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Introduction

Vanadium is normally present at very low concentrations (<10−8 M) in virtually all cells in
plants and animals. Vanadium compounds have the ability to imitate the action of insulin
[1, 2]. Oral administration of inorganic vanadium salts has shown antidiabetic activity [3–
5]. However, the toxicity associated with vanadium limits its role as a therapeutic agent for
diabetic treatment [6, 7].
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In order to reduce the toxicity of vanadium, McNeill JH et al. [8] studied the coordination
complexes of vanadium compounds with maltol or kojic acid as ligands. Sakurai et al. [9]
also studied the long-term-acting insulin-mimetic vanadyl complexes of oxovanadium (IV).
Ganoderma lucidum (GL), Coprinus comatus (CC), and Grifola frondosa (GF) are three
fungi of basidiomycetes that have a long history of use in traditional Chinese medicine,
which has been popularly used for its health-promoting properties. Their beneficial effects
on glycemic control in diabetes, hypercholesterolemia, and immunostimulating activities
have been reported [10–14]. Another important property of the edible mushroom is the
ability to take up and accumulate trace metals such as cadmium, lead, arsenic, copper,
nickel, silver, chromium, and mercury in the body or mycelium of the mushroom [15–17].
In order to reduce the toxicity of vanadium, vanadium could be taken up and accumulated
by fermented mushroom of Ganoderma lucidum, Coprinus comatus, and Grifola frondosa.
The purpose of this study was to investigate the hypoglycemic activity of three fungi of
basidiomycetes rich in vanadium. The coactivity of vanadium at lower doses and edible
mushroom could reduce vanadium-associated toxicity and maintain its effect.

Materials and Methods

Chemicals

Sodium vanadate was of analytical grade and purchased from Beijing Chemical Factory,
China. Alloxan and adrenaline were of analytical grade and were purchased, respectively,
from Sigma Co., Ltd. and Tianjin Amino acid Co., Ltd. Xiaoke pills were purchased from
Jilin Liuhe Pharmaceutic Factory, China. Xiaoke pill is a kind of Chinese medicine used in
the treatment of diabetes. It is composed of glibenclamide and several traditional Chinese
herbs, including Radix Puerariae, Radix Rehmannia, Radix Astragali, Radix trichosanthis,
Corn Stigma, Fructus Schisandrae, and Rhizoma Dioscoreae.

Fermented Mushroom

GL, CC, and GF were offered by the Shandong Academy of Agricultural Sciences (Jinan,
China). The seed was grown at 28°C for 5 days on potato dextrose and agar slants medium
(1,000 mL 20% potato extract liquid + 20.0 g dextrose + 20.0 g agar) and then maintained
at 4°C in a refrigerator. Five to six pieces of the mycelia of mushroom were transferred
from a slant into 250-mL Erlenmeyer flasks containing 100-mL liquid medium (20% potato
extract liquid + 2.0% dextrose + 0.1% KH2PO4 + 0.05% MgSO2). The culture was
incubated at 27°C on a rotary shaker at 180 rpm for 7 days.

A 7-day-old liquid culture was homogenized using a sterilized blender and then inoculated
to 500-mL Erlenmeyer flasks containing 300 mL of fermented culture medium (20% potato
extract liquid + 2.0% dextrose + 0.1% KH2PO4 + 0.05% MgSO2 + 0.6%NaVO3). The
volume of inoculum was 15 mL, which was then cultivated under the same condition. The
72-h-old fermented liquid culture was stirred by a homogenizer; an ampule was filled with
0.4 mL of them (0.6%NaVO3) and then was sterilized in microwave oven for 3 min.

Animal

Kunming strain mice weighing 20–22 g were purchased from the Experimental Animal
Center, Shandong University. The mice were maintained at room temperature under
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alternating natural light–dark photoperiod and had access to standard laboratory food and
fresh water ad libitum.

Blood Samples from Alloxan-Induced Hyperglycemic Mice

One hundred mice were fasted for 12 h and were then injected (iv) with alloxan (75 mg/kg)
solution that was made with saline [18]. Forty-eight hours later, blood samples were collected
from the tail veins of the mice. The blood glucose was analyzed with a Glucometer-4 (Bayer).
Sixty hyperglycemic mice (the blood glucose level greater than 11.1 mmol/L) were selected
and allocated equally into five groups: alloxan-induced hyperglycemic group, alloxan- and
Xiaoke-pill-treated group, alloxan- and GL-treated group, alloxan- and CC-treated group, and
the alloxan- and GF-treated group. The other 12 normal mice were injected (iv) with the
normal saline and used as the control group. From then on, the six groups of mice were
administered (ig) saline, Xiaoke pill (0.028 mg/kg per day), GL (2.4 mg/day vanadium), CC
(2.4 mg/day vanadium), GF (2.4 mg/day vanadium), and saline respectively. The body
weights of the mice were measured on the zeroth day, fifth day, tenth day, 15th day, and the
20th day. At the same time, after fasting the mice for12 h on the 20th day, blood samples
were obtained from the tail veins to determine the blood glucose levels.

Blood Samples from Adrenaline-Induced Hyperglycemic Mice

Seventy-two healthy mice were allocated equally into six groups. Each group was
administered (ig) with different materials just as the above experiment. On the 14th day,
they were fasted overnight. After administration 1 h later, the former five groups were
injected (sc) with adrenaline and the last group with saline: namely, adrenaline-induced
hyperglycemic group, adrenaline–Xiaoke-pill-treated group, adrenaline–GL-treated group,
adrenaline–CC-treated group, adrenaline–GF-treated group, and the control group. Blood
samples from the tail vein of the mice were collected at the zeroth minute and 60th minute
to determine blood glucose level just as above.

Blood Samples to Determine Sugar Tolerance

Sixty healthy mice were divided equally into five groups. Three groups was administrated
(ig) GL, CC, and GF; the others were administrated (ig) saline. On the eighth day, after the
last administration, the former four groups were injected (ip) with glucose (2 g/kg); the last
group was injected (ip) with saline: namely, GL–glucose group, CC–glucose group, GF–
glucose group, saline–glucose group, and saline–saline group (control group). Blood
samples were obtained from the tail veins of the mice at 0, 30, 60, and 120 min,
respectively. Blood glucose values were determined with Glucometer-4 (Bayer).

All data were analyzed by a one-way analysis of variance, and the differences between
means were established by Duncan’s multiple-range test [19]. The data represent means and
standard deviations. The significant level of 5% (p<0.05) was used as the minimum
acceptable probability for the difference between the means.

Results and Discussion

The body weights of the hyperglycemic mice induced by alloxan are presented in Fig. 1.
Contrasted with the alloxan-induced hyperglycemic group, the body weights of mice in GL-
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treated group, CC-treated group, GF-treated group, and Xiaoke-pill-treated group increased
gradually 10 days later. On the contrary, the body weights of mice in the alloxan-treated
group did not increase significantly. All of the three species of fungi have a long history of
use not only as traditional Chinese medicine but also as delicious food. G. lucidum has been
popularly used for its health-promoting properties [10]. G. frondosa has recently attracted
considerable attention for its various physiological activities [13]. C. comatus, on a dry
weight basis, contains, on the average, 58.8% carbohydrate, 25.4% protein, and 3.3% fats,
with the rest constituted of minerals [20]. It indicates that the three species of fungi could
supplement nutrients to mice.

The results of blood glucose from hyperglycemic mice induced by alloxan are presented
in Table 1. The levels of blood glucose decreased after administration of CC and the Xiaoke
pill (p<0.05). However, the same result did not occur in GL and GF group or the alloxan
group.

Adrenaline activates glycogenolysis and glyconeogenesis to elevate serum glucose level
[21] and its effect is relatively rapid [22]. The results of blood glucose from hyperglycemic
mice induced by adrenaline are presented in Table 2. It showed that, after administration
(ig) of CC at 15 days, ascension of blood glucose induced by adrenaline was inhibited (p<
0.01). However, the same results did not occur in the GL and GF group or the alloxan
groups.
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Fig. 1 Effects of basidiomycetes
rich in vanadium on body
weights of hyperglycemic mice
(empty diamonds control group,
crosses alloxan- and Xiaoke-pill-
treated group, empty triangles
alloxan- and GL-treated group,
filled triangles alloxan- and
CC-treated group, filled squares
alloxan and GF-treated group,
filled diamonds alloxan-induced
hyperglycemic group)

Table 1 Effect of Basidiomycetes Rich in Vanadium and Other Treatments on Blood Glucose Levels in
Alloxan-Hyperglycemic Mice

Different groups Blood glucose (mmol/L)

Alloxan-treated 20.2±3.1 a
Alloxan- and Xiaoke-pill-treated 11.1±3.2 b
Alloxan- and CC-treated 9.8±2.2 b
Alloxan- and GL-treated 17.6±3.0 a
Alloxan- and GF-treated 18.0±2.8 a
Control group 6.0±1.2

The different letters in the same column indicate a statistical difference (p<0.05)
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From the Tables 1 and 2, we could see that the hypoglycemic effect of GL and GF was
not significant. It is implied that the fermented mushroom of C. comatus rich in vanadium
has the hypoglycemic effect, although the three mushrooms cultures have the same
vanadium content. Coprinus comatus is a mushroom claimed to be beneficial in glycemic
control in diabetes. It had been reported that there were hypoglycemic components in C.
comatus [12].

The ascension of blood sugar induced by glucose was inhibited 30 min later in CC–
glucose group (Fig. 2). However, the level of blood sugar of the mice in other groups did
not decrease to that of the control group 120 min later. From Fig. 2, we can see that the
sugar tolerance of normal mice was improved after administration (ig) of CC.

Conclusions

C. comatus, G. lucidum, and G. frondosa could take up and accumulate vanadium at lower
doses. Compared with G. lucidum rich in vanadium and G. frondosa rich in vanadium, the
hypoglycemic effects of C. comatus rich in vanadium on hyperglycemic animals are
significant, irrespective of the hyperglycemic animals induced by alloxan or adrenaline.
From this study, we could conclude that C. comatus rich in vanadium may be used as a
hypoglycemic food or medicine for hyperglycemic people. Its potential application needs to
be further studied.
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Fig. 2 Effects of basidiomycetes
rich in vanadium on sugar toler-
ance of healthy mice (filled dia-
monds control group, empty
squares saline–glucose group,
filled squares CC–glucose group,
crosses GL–glucose group, filled
triangles GF–glucose group)

Table 2 Effect of Basidiomycetes Rich in Vanadium and Other Treatments on Blood Glucose Levels in
Adrenaline-Hyperglycemic Mice

Different groups Blood glucose (mmol/L) at
zeroth minute

Blood glucose (mmol/L) at
60th minute

Adrenaline-treated 5.7±2.6 16.8±1.8 a
Adrenaline- and Xiaoke-pill-treated 5.6±2.2 9.0±2.6 b
Adrenaline- and CC-treated 5.8±3.1 8.9±2.5 b
Adrenaline- and GL-treated 5.6±2.6 14.0±3.2 a
Adrenaline- and GF-treated 5.7±2.3 13.5±2.6 a
Control group 5.7±3.3 6.8±2.2

The different letters in the same column indicate a statistical difference (p<0.01)

Comparison of Hypoglycemic Activity Three Basidiomycete Species 181



References

1. Gil J, Miralpeix M, Carreras J, Bartrons R (1988) Insulin-like effects of vanadate on glucokinase activity
and fructose 2,6-bisphosphate levels in the liver of diabetic rats. J Biol Chem 263:1868–1871

2. Shechter Y (1990) Insulin-mimetic effects of vanadate. Possible implications for future treatment of
diabetes. Diabetes 39:1–5

3. Lu B, Ennis D, Lai R, Bogdanovic E (2001) Enhanced sensitivity of insulin-resistant adipocytes to
vanadate is associated with oxidative stress and decreased reduction of vanadate (+5) to vanadyl (+4). J
Biol Chem 276:35589–35598

4. Semiz S, Orvig C, McNeill JH (2002) Effects of diabetes, vanadium, and insulin on glycogen synthase
activation in Wistar rats. Mol Cell Biochem 231:23–35

5. Goldfine AB, Simonson DC, Folli F, Patti ME, Kahn CR (1995) In vivo and in vitro studies of vanadate
in human and rodent diabetes mellitus. Mol Cell Biochem 153:217–231

6. Domingo JL (2002) Vanadium and tungsten derivatives as antidiabetic agents: a review of their toxic
effects. Biol Trace Elem Res 88:97–112

7. Scior T, Guevara-García A, Bernard P, Do Q-T, Domeyer D, Laufer S (2005) Are vanadium compounds
druggable? Structures and effects of antidiabetic vanadium compounds: a critical review. Mini-Rev Med
Chem 5:995–1008

8. McNeill JH, Yuen VG, Hoveyda HR, Orvig C (1992) Bis(maltolato)oxovanadium(IV) is a potent insulin
mimic. J Med Chem 35(8):1489–1491

9. Sakurai H, Fujii K, Watanabe H, Tamura H (1995) Orally active and long-term acting insulin-mimetic
vanadyl complex: bis (picolinato) oxovanadium (IV). Biochem Biophys Res Commun 214:1095–1101

10. Franz G (1989) Polysaccharides in pharmacy: current applications and future concepts. Planta Med
55:493–497

11. Xing F, Wang H, Han C, Wang Y (2003) Study on the immunocompetence of polysaccharides from the
Coprinus comatus. J Food Sci (In Chinese) 24:139–141

12. Gu Y, Ju Y (1996) Food and officinal mushroom-Coprinus comatus. Vegetable (in Chinese) 13:10
13. Lee BC, Bae JT et al (2003) Biological activities of the polysaccharides produced from submerged

culture of the edible basidiomycete Grifola frondosa. Enzyme Microb Tech 32:574–581
14. Inoue A, Kodama N, Nanba H (2002) Effect of maitake (Grifola frondosa) D-fraction on the control of

the Tlymph node Th-1/Th-2 proportion. Biol Pharm Bull 25:536–540
15. Kalac P, Niznamska M, Bevilaqua D, Staskova I (1996) Concentrations of mercury, copper, cadmium

and lead in fruiting bodies of edible mushrooms in the vicinity of a mercury smelter and a copper
smelter. Sci Total Environ 177:251–258

16. Kalac P, Svoboda L (2000) A review of trace element concentrations in edible mushrooms. Food Chem
69:273–281

17. Malinowska E, Szefer P, Falandaysz J (2004) Metals bioaccumulation by bay bolete, Xerocomus badius,
from selected sites in Poland. Food Chem 84:405–416

18. You Y, Lin Z (2003) Antioxidant effect of Ganoderma polysaccharide peptide. Acta Pharm Sinica
38:85–88

19. Duncan DB (1957) Multiple range tests for correlated and heteroscedastic means. Biometrics 13:164–
176

20. Liu Y, Zhang J (2003) Recent advanced in the studies on the medicinal functions of Coprinus comatus.
Acta Edulis Fungi (in Chinese) 2:60–63

21. Cherrington AD, Fuchs H, Stevenson RW, Williams PE, Alberti KG, Steiner KE (1984) Effect of
epinephrine on glycogenolysis and gluconeogenesis in conscious overnight-fasted dogs. Am J Physiol
247(2 Pt 1):E137–E144

22. Issekutz B Jr, Allen M (1972) Effect of catecholamines and methylprednisolone on carbohydrate
metabolism of dogs. Metabolism 21(1):48–59

182 Han and Liu


	A Comparison of Hypoglycemic Activity of Three Species of Basidiomycetes Rich in Vanadium
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Fermented Mushroom
	Animal
	Blood Samples from Alloxan-Induced Hyperglycemic Mice
	Blood Samples from Adrenaline-Induced Hyperglycemic Mice
	Blood Samples to Determine Sugar Tolerance

	Results and Discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


