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Abstract
The hypoglycemic activity of fermented mushroom o
f Coprinus comatus rich in vanadium (CCRV) was studied in
this paper. Alloxan and adrenalin induced hyperglycemic mice were used in the study. The blood glucose and the
HbA1c of the mice were analyzed, respectively. At the same time, the sugar tolerance of the normal mice was also
determined. After the mice were administered (ig) with CCRV, the blood glucose and the HbA1c of alloxan-induced
hyperglycemic mice decreased (po0.05, po0.01), ascension of blood glucose induced by adrenalin was inhibited
(po0.01) and the sugar tolerance of the normal mice was improved. Also, the body weight of the alloxan-induced
hyperglycemic mice was increased gradually. In the fermented mushroom of C. comatus, vanadium at lower doses in
combination with C. comatus, induced significant decreases of the blood glucose and HbA1c levels in hyperglycemic
mice.
r 2006 Elsevier GmbH. All rights reserved.
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Introduction

Vanadium, element number 23, atomic weight 50.94,
is normally present at very low concentrations
(o10�8M) in virtually all cells in plants and animals.
As a potential therapeutic agent, it is attracting
increasing attention. Vanadium compounds have the
ability to imitate action of insulin [1,2]. Oral adminis-
tration of inorganic vanadium (IV, V) salts, have shown
anti-diabetic activity in vitro [3], in vivo [4] and even in
patients [5]. However, the toxicity associated with
vanadium limits its role as a therapeutic agent for
diabetic treatment [6]. Typical clinical manifestations
see front matter r 2006 Elsevier GmbH. All rights reserved
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are diarrhea, vomiting, abdominal cramps, green
tongue, bronchospasm, and irreversible renal excretion
damage [7]. In order to reduce the toxicity of vanadium,
McNeill 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 oxovana-
dium (IV). In this paper, vanadium at lower doses
(0.18mg/kg/d) was absorbed by fermented mushroom
of Coprinus comatus, which is one rare edible fungus
that is able to absorb and accumulate trace elements.
The co-effect of C. comatus and vanadium was studied.

Edible fungi have a long history of use in traditional
Chinese medicine [10]. Various edible mushrooms have
been ascribed to have anti-diabetic properties [11–13].
Another important property of the edible mushroom is
.
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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 [14–16]. C. comatus is a mushroom
claimed to benefit glycaemic control in diabetes. Many
physiological functions of C. comatus have been
reported, such as anti-cancer properties [17], immuno-
modulatory [18], and its hypoglycemic activity. It had
been reported that there were hypoglycemic components
in C. comatus [19]. An acute glucose-lowering effect was
reported in normal rats and mice, and a chronic
reduction in basal glycemia and improved glucose
tolerance were also noted in normal mice consuming a
diet containing 330 g dried fruit bodies of C. comatus/kg
[20,21].
Materials and methods

CCRV

CCRV was produced in the Pharmaceutic Laboratory
of Shandong University of Traditional Chinese Medi-
cine, China.

The seed of C. comatus was purchased from the
Agricultural Culture Collection of China.

First, the seed was grown at 28 1C for 5 days on PDA
slants (1000mL 20% potato extract liquid+20.0 g
dextrose+20.0 g agar) and then maintained at 4 1C in
a refrigerator. Five to six pieces of the mycelia of
C. comatus were transferred from a slant into 250mL
Erlenmeyer flasks containing 100mL liquid medium
(20% potato extract liquid+2.0% dextrose+0.1%
KH2PO4+0.05% MgSO2). The culture was incubated
at 27 1C on a rotary shaker at 180 rpm for 3 days.

A 72-h-old liquid culture was homogenized using a
sterilized blender and then inoculated to 500mL
Erlenmeyer flasks containing 300mL of fermented
culture medium (20% potato extract liquid+2.0%
dextrose+0.1% KH2PO4+0.05% MgSO2+0.9%
NaVO3). The volume of inoculum was 15mL, which
was then cultivated under the same condition. The 72-h-
old fermented liquid culture was CCRV. After stirred by
a homogenizer, an ampule was filled with 0.4mL of
CCRV and then was sterilized in a microwave oven for
3min.
Fermented mushroom of C. comatus (FMCC)

The fermented mushroom of C. comatus was pro-
duced using the same method to produce CCRV except
that there was no NaVO3 in the fermented culture
medium.
Sodium vanadate solution (SV)

Sodium vanadate (0.9 g) was dissolved in 100mL of
normal saline. An ampule was filled with 0.4mL of SV
and then was sterilized in a microwave oven for 3min.

Chemicals

Alloxan and adrenaline were analytical grade, were
purchased, respectively, from Sigma Co. Ltd and
Tianjin Amino acid Co. Ltd. Sodium vanadate (analy-
tical grade) was purchased from Beijing Chemical
Factory, China. 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 tricho-
santhis, Corn Stigma, Fructus Schisandrae and Rhizo-
ma Dioscoreae.

Animals

Female Kunming strain mice weighing 20–22 g, Grade
II, Certificate SCXK (Lu) 20040004, were purchased
from the Experimental Animal Center, Shandong
University. The mice were maintained at room tem-
perature under alternating natural light/dark photope-
riod, 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 (75mg/kg) solution that was
made with saline [22]. 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 11.1mmol/L) were selected and
allocated equally into 5 groups: Alloxan-induced
hyperglycemic group, alloxan and Xiaoke Pill-treated
group, alloxan and CCRV-treated group, alloxan
and–FMCC treated group, and the alloxan and
SV-treated group. The other 12 normal mice were
injected (iv) with the normal saline and used as the
control group. From then on, the 6 groups of
mice were administered (ig) saline, Xiaoke Pill
(0.028mg/kg/d), CCRV (0.18mg/kg/d vanadium),
FMCC (0mg/kg/d vanadium), SV (0.18mg/kg/d vana-
dium), and saline, respectively. The body weights of the
mice were measured on the 0th day, 5th day, 10th day,
15th day, and the 20th day. At the same time, after
fasting the mice for 12 h on the 20th day, blood samples
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Fig. 1. Effects of CCRV on body weights of hyperglycemic

mice (& control group, � alloxan and Xiaoke Pill-treated

group, U alloxan and FMCC-treated group, m alloxan and

CCRV-treated group, ’ alloxan-intoxicated group, E

alloxan and SV-treated group) Contrasted with the alloxan-

induced hyperglycemic group, the body weights of mice in

alloxan and CCRV-treated group, alloxan and FMCC treated

group, alloxan and the Xiaoke Pill-treated group increased

gradually 10 days later. On the contrary, the body weights of

mice in alloxan and SV-treated group, alloxan-induced

hyperglycemic group did not increase significantly.

Table 1. Effect of CCRV and other treatments on blood

glucose levels in alloxan-hyperglycemic mice

Different groups Blood glucose (mmol/L)

Alloxan-treated 21.272.1a

Alloxan and Xiaoke Pill-treated 13.173.2b

C. Han et al. / Journal of Trace Elements in Medicine and Biology 20 (2006) 191–196 193

中国科技论文在线 http://www.paper.edu.cn
were obtained from the tail veins to determine the blood
glucose levels. On the 45th day, blood samples were
collected from the orbital veins to measure the HbA1c
with the HbA1c Apparatus (Variant a, Bio-Rad
Laboratories).

Blood samples from adrenaline-induced

hyperglycemic mice

Seventy-two healthy mice were allocated equally into
6 groups. Each group was administered (ig) with
different materials just as the above experiment. On
the 14th day, they were fasted overnight. After admi-
nistration 1 h later, the former five groups were injected
(sc) with adrenaline and the last group with saline.
Namely adrenaline-induced hyperglycemic group, adre-
naline-Xiaoke Pill treated group, adrenaline-CCRV
treated group, adrenaline-FMCC treated group, adrena-
line-SV treated group and the control group. Blood
samples from the tail vein of the mice were collected at
the 0th minute and 60th minute to determine blood
glucose level just as above.

Blood samples to determine sugar tolerance

Thirty-six healthy mice were divided equally into 3
groups. The first group was administered (ig) CCRV,
the others were administered (ig) saline. On the 8th day,
after the last administration, the first and second groups
were injected (ip) with glucose (2 g/kg), the third group
was injected (ip) with saline, namely, CCRV–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 120min,
respectively. Blood glucose values were determined with
Glucometer-4 (Bayer).
Alloxan and CCRV-treated 10.572.0b

Alloxan and FMCC-treated 19.673.0a

Alloxan and SV-treated 18.972.8a

Control group 5.971.2

The different letters in the same column indicate a statistical difference

(po0.05).
Results and discussion

All data were analyzed by a one-way analysis of
variance, and the differences between means were
established by Duncan’s multiple-range test [23]. The
data represents means and standard deviations. The
significant level of 5% (po0.05) was used as the
minimum acceptable probability for the difference
between the means.

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 alloxan and CCRV-treated group and the
body weights of mice in alloxan and FMCC treated
group, increased gradually 10 days later. The body
weights of mice in the alloxan and the Xiaoke Pill-
treated group also increased. On the contrary, the body
weights of mice in alloxan and SV-treated group did not
increase significantly.

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
CCRV and the Xiaoke Pill (po0.05). Meanwhile,
CCRV could decrease the concentration of HbA1c in
plasma of alloxan-induced hyperglycemic group 45 days
later (po0.01), as shown in Table 2. However, the same
result did not occur in the alloxan and FMCC treated
group or the alloxan and SV-treated group.
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Adrenaline activates glycogenolysis and glyconeoge-
esis to elevate serum glucose level [24] and its effect is
elatively rapid [25]. The results of blood glucose from
yperglycemic mice induced by adrenaline are presented
n Table 3. It showed that after administration (ig)
CRV 15 days, ascension of blood glucose induced by
drenaline was inhibited (po0.01). However, the same
esults did not occur in the alloxan and FMCC treated
roup or the alloxan and SV-treated groups.
The ascension of blood sugar induced by glucose was

nhibited 30min later in CCRV–glucose group and
aline–glucose group (Fig. 2). The level of blood sugar in
CRV–glucose group was very close to that of the
ontrol group 120min later. However, the level of blood
ugar of the mice in the saline–glucose group did not
ecrease to that of control group 120min later. From
ig. 2, we can see the sugar tolerance of normal mice
as improved after administration (ig) of CCRV.
Bailey et al. [21] have studied the hypoglycemic

unctions of C. comatus. However, they did not study
he hypoglycemic functions of C. comatus on the
yperglycemic mice. In our study, not only did the
lood glucose and the HbA1c of alloxan-induced
yperglycemic mice decreased (po0.05, po0.01), but
lso the ascension of blood glucose induced by adrenalin
as inhibited (po0.01) after the hyperglycemic mice
ere fed (ig) CCRV.
The hypoglycemic functions of vanadium have been

esearched for many years. Meeks et al. [26] reported the
ffect of vanadium on metabolism of glucose in rats.
able 2. Effect of CCRV and other treatments on HbA1c

rom hyperglycemic mice induced by alloxan (%)

ifferent groups Results of HbA1c

lloxan-treated 10.870.23a

lloxan and Xiaoke Pill-treated 8.070.30b

lloxan and CCRV-treated 7.970.28b

lloxan and FMCC-treated 10.070.26a

lloxan and SV-treated 9.870.33a

ontrol group 4.870.22

he different letters in the same column indicate a statistical difference

po0.01).

able 3. Effect of CCRV and other treatments on blood glucose le

ifferent groups Blood glucose (mmol/L

drenaline–treated 5.772.6

drenaline and Xiaoke Pill-treated 5.672.2

drenaline and CCRV-treated 5.873.1

drenaline and FMCC-treated 5.672.6

drenaline and SV-treated 5.772.3

ontrol group 5.773.3

he different letters in the same column indicate a statistical difference (po0
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on the liver glycogen content in the streptozotocin-
induced diabetic rats [29]. When cobalt was adminis-
tered to the rats, the glycogen returned to the level of
healthy rats, concomitantly with the decrease in blood
glucose. Vanadium is one such nutritional trace element
that has been found to be very effective in reducing
blood glucose. It is known to act as a potent insulin
mimetic agent by increasing glucose transport and
metabolism in skeletal muscle, liver and adipose tissue
[2,29]. However, the toxicity associated with vanadium
limits its therapeutic efficacy [6]. To reduce vanadium-
associated toxicity and maintain its insulin-mimetic
anabolic effects, vanadium is administered at lower
doses in combination with Trigonella foenum graecum,
an Indian herb. This combination has been found to
show almost complete reversal of the raised blood
glucose levels and altered metabolic changes in experi-
mental diabetes in tissues such as the kidney [30]. By
using vanadium at lower doses, in combination with
herbs or edible mushrooms that have been ascribed anti-
diabetic properties, is one potent way to reduce
vanadium-associated toxicity and maintain its effect.
C. comatus is one mushroom claimed to benefit glycemic
control in diabetes [20,21]. 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 [31]. It indicates that C. comatus could
supplement nutrients to the mice as well as lower blood
glucose of hyperglycemic mice. More importantly,
C. comatus has the ability to take up and accumulate
trace metals. It has been reported that fermented mash
of C. comatus is rich in chromium by liquid fermentation
[32].

The hypoglycemic effects of CCRV on hyperglycemic
animals are significant, irrespective of the hyperglycemic
animals were induced by alloxan (po0.05) or adrenaline
(po0.01), though the dose of vanadium is only 0.18
mg/kg/d. Meanwhile, CCRV could reduce the concen-
tration of the HbA1c in plasma of hyperglycemic
animals (po0.01), which is a more useful parameter in
diabetes. At the same time, the sugar tolerance of
healthy mice was improved, which is another important
parameter in diabetes. The hypoglycemic mechanism of
CCRV had been studied, which included inhibiting
gluconeogenesis, strengthening glycogan synthesis and
insulin, C-peptide secretion as well as recovering b-cell
injured by alloxan. It will be published in the following
paper. From this study, we could conclude CCRV may
be used as a hypoglycemic food or medicine for
hyperglycemic people. The potential application of
CCRV needs to be further studied.
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