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ABSTRACT

AIM: To investigate the hypoglycemic effect of Ganoderma lucidum polysaccharides (G/-PS) in the normal fasted
mice and its possible mechanism. METHODS: Normal fasted mice were given a single dose of G/-PS 25, 50, and
100 mg/kg by ip and the serum glucose was measured at 0, 3, and 6 h after administration. G/-PS 100 mg/kg were
also given by ip and the serum glucose and insulin levels were measured at O min, 30 min, 1 h, 3 h, 6 h, and 12 h.
Pancreatic islets were isolated and incubated with glucose 5.6 mmol/L and different concentration of G/-PS, the
insulin content of islets and insulin release were examined. The islets fluorescent intensity of [Ca’']; was also
studied with a confocal microscope. Verapamil and egtazic acid were used to testify whether the insulin-releasing
effect of GI-PS was mediated by its ability to raise the Ca®* influx. RESULTS: G/-PS dose-dependently lowered
the serum glucose levels at 3 h and 6 h after administration. G/-PS 100 mg/kg raised the circulating insulin levels at
1 h after administration. In vitro, GI-PS had no effect on islets insulin content, but it stimulated the insulin release
after incubation with glucose 5.6 mmol/L. Confocal microscope showed that G/-PS 100 mg/L had the capacity to
raise the [Ca®"];. The insulin-releasing effect of GI-PS was inhibited by verapamil/egtazic acid. CONCLUSION:
GI-PS possesses the hypoglycemic effect on normal mice; one mechanism is through its insulin-releasing activity
due to a facilitation of Ca*" inflow to the pancreatic {8 cells.

INTRODUCTION rides, peptidoglycans, steroids, and terpenoids, etc!™.

. Ganoderma lucidum polysaccharides (GI-PS) is one of
Plants have always been utilizable sources of drugs

) the main efficacious ingredient of Ganoderma lucidum
and many of the currently available drugs have been

(Leyss ex Fr) Karst, which has been reported to have
antitumor, antioxidant and immunomodulatory activi-
13711t was reported that GI/-PS also processed the
hypoglycemic potential by increasing the plasma insu-

directly or indirectly from plants. In accordance to the
recommendations of the WHO Expert Committee on
diabetes mellitus, it is important to investigate the hy-

ties

poglycemic action from plants which were originally
used in traditional medicine!"!. The biological active
components of the plants with hypoglycemic action

lin level in normal mice and rats™®?. In the present study,
we investigated the hypoglycemic effect of G/-PS in

) i . ; normal mice and its possible hypoglycemic mechanisms.
include flavonoides, alkaloids, glycosides, polysaccha-
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Microbiology, Chinese Academy of Sciences. Gano-
derma lucidum polysaccharides (GI/-PS) were extracted
by hot water from the fruiting body of Ganoderma
lucidum (Leyss ex Fr) Karst, which were provided by
the Fuzhou Institute of Green Valley Bio-Pharm
Technology, Fujian province, China. The yield of GI-
PS was 0.82 % (w/w) in terms of the fruiting body of
Ganoderma lucidum. 1t is a polysaccharide peptide with
an average molecular weight of 584 900 and has 17
amino acids. The ratio of polysaccharides to peptides
is 93.51%: 6.49 %. The polysaccharides consist of
rhamnose, xylose, fructose, galactose, mannose, and
glucose with molar ratios of 0.793:0.964:2.944:0.167:
0.384:7.94 and are linked together by B-glycosidic
linkages. It is hazel-colored and water-soluble powder.

Collagenase (type V), verapamil, and ethylene gly-
col-tetraacetic acid (egtazic acid) were purchased from
Sigma. RPMI-1640, DMEM medium were purchased
from Gibco BRL, Fluo3/AM was purchased from
Biotium.

In vivo studies Fifty male albino Swiss mice
weighing 20 g+2 g purchased from Department of Ex-
perimental Animals, Peking University, Health Science
Center, Beijing, China (Grade II, Certificate No scxk11-
00-0004). All procedures were in accordance with the
Institute Ethical Committee for Experimental Use of
Animals. Mice fasted for 6 h were divided into 5 groups.
Group 1: animals were given saline by ip; group 2, 3, 4:
animals were given G/-PS by ip at the dose of 25, 50,
and 100 mg/kg body weight, respectively; group 5: ani-
mals were given by ig glibenclamide (50 mg/kg) as a
standard hypoglycemic agent. After a single dose of
drug administration, blood samples were collected at
0 h, 3 h, and 6 h from the tail vein. The serum was
separated and the glucose levels in the serum samples
were measured.

Another experiment was to study the time kinet-
ics of hypoglycemic effect of G/-PS on the 6-h fasted
mice. One hundred and twenty mice were divided into
control and GI-PS 100 mg/kg-treated group. Each
group consisted of 10 mice. After a single ip adminis-
tration of normal saline or G/-PS 100 mg/kg, blood
samples were collected at 0 min, 30 min, 1 h, 3 h, 6 h
and 12 h from the tail vein respectively. The serum
was separated and the glucose and insulin levels in the
serum samples were measured.

Preparation of the pancreatic islets Male Wistar
rats weighing 60 g+10 g, purchased from the Institute
of Animals, Chinese Academy of Medical Sciences, were

used in the in vitro studies (Grade II, Certificate No
scxk11-00-0006). Pancreatic islets were isolated from
the rats by collagenase digestion!'”. About 50 islets/well
were placed onto 24-well plate and cultured in RPMI-
1640 medium containing glucose 11.1 mmol/L, HEPES
20 mmol/L, benzylpenicillin 100 kU/L, streptomycin 100
mg/L, and 7 % heat-inactived fetal bovine serum at 37 °C
under 95 % O, and 5 % CO, atmosphere for 20-24 h.

Islet insulin content studies After culture, the
islets were incubated at 37 °C in DMEM culture me-
dium containing 10 % FCS with glucose 5.6 mmol/L
and different concentrations of G/-PS for 24 h, the is-
lets insulin contents were extracted by acid alcohol
(HC1 0.18 mol/L dissolved in 95 % ethanol) for over-
night at 4 °C and measured by radioimmunoassay.

Insulin release studies After culture, the islets
were incubated at 37 °C in DMEM culture medium con-
taining 10 % FCS with glucose 5.6 mmol/L and differ-
ent concentrations of G/-PS for 1 h. The aliquot were
collected and stored at -20 °C for the later determina-
tion of insulin.

For inhibitor studies, the islets were preincubated
in DMEM medium containing 10 % FCS with glucose
5.6 mmol/L and verapamil 50 umol/L+egtazic acid 0.5
mmol/L for 15 min before addition of different concen-
trations of GI-PS for 1 h, and the aliquot was collected
and stored at -20 °C for the later determination of insulin.

Biochemical analysis Glucose was determined
by the glucose-oxidase method and insulin was mea-
sured by radioimmunoassay, using commercially avail-
able kits (China Institute of Atomic Energy, Beijing,
China) and expressed as mIU/L or mIU-h™ per 50 islets.

Time series scan of cell fluorescence of [Ca”"],
After isolation, islets were placed onto the 35-mm-petri
dishes and cultured in DMEM medium for 48 h. The
cells were washed with PBS and loaded with fluores-
cent probe (Fluo3/AM) at a final concentration of 10
pmol/L in PBS for 45-60 min. Then the cells were
washed with PBS for three times and incubated in the
Krebs-Ringer bicarbonate buffer for the confocal mi-
croscope investigation. D-glucose was added to the me-
dium (the final concentration is 5.6 mmol/L) 1 h before
GI-PS addition and the image was recorded for the
final 5 min to get the baseline intracellular fluorescence
of Ca*’, then GI/-PS 100 mg/L was added to the me-
dium and the image was recorded for another 15 min
with confocal microscope. Islets with glucose 5.6 mmol/L
and without G/-PS were as control. Cells were imaged
via the epifluorescence mode with a 40ximmersion lens
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at Ex1 488 nm and Eml 506 nm. The cell images were
stored on computer and transformed to the cell fluo-
rescence intensity.

Statistical analysis All values, expressed as
mean+SD, were subjected to #-test and one-way ANOVA
employing the computer SPSS statistic package.

RESULTS

Serum glucose levels in normal mice G/-PS
treatment (50 mg/kg and 100 mg/kg) caused a signifi-
cant reduction in the serum glucose levels in normal
fasted mice. The reductive rate was 24.5 %, 31.8 % at
3 hand 46.2 %, 41.3 % at 6 h, respectively (Tab 1).

Tab 1. Effect of a single administration of Ganoderma
lucidum (GI-PS) on the serum glucose level in normal mice.
n=10. Mean=SD. "P<0.05, °P<0.01 vs control group.

Group/mg-kg™ Fasting serum glucose level/g-L"!
Oh 3h 6h
Control 1.50+0.30 1.3+0.4 1.22+0.29
GI-PS 25 mg/kg ip 1.4040.30  1.4+0.4  1.0620.23
GI-PS 50 mg/kg ip 1474029 1.01+0.17° 0.65+0.12°

GI-PS 100 mg/kg ip 1.4940.25 0.91+0.25" 0.71+0.15
Glibenclamide 50 mg/kgig 1.45+0.28 0.57+£0.17° 0.38+0.10¢

Time kinetics on serum glucose levels in nor-
mal mice There was a transient increase in the serum
glucose level at 30 min after G/-PS administration. The
serum glucose level in GI-PS-treated mice decreased
significantly after 3 h and 6 h as compared to the un-
treated mice at the same time point (Fig 1).
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Fig 1. Time kinetics of hypoglycemic effect of GI/-PS on
serum glucose levels in normal mice at different time points
after a single dose of intraperitoneal administration. n=10.
Mean+SD. "P<0.05 vs control at the same time point.

Time kinetics on serum insulin levels in nor-
mal mice G/-PS elevated the serum insulin levels sig-
nificantly at 1 h after ip administration as compared to
the untreated mice at the same time point (Fig 2).
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Fig 2. Time kinetics of hypoglycemic effect of G/-PS on
serum insulin levels in normal mice at different time points
after a single dose of intraperitoneal administration. n=10.
Mean+SD. "P<0.05 vs control at the same time point.

Insulin content of pancreatic islets induced by
glucose 5.6 mmol/L When the islets were incubated
with 5.6 mmol/L glucose and different concentration
of GI-PS for 24 h, GI-PS showed no significant effect
on the insulin content of pancreatic islets as compared
to the medium control (Fig 3).

111

Medium  GI-PS GI-PS GI-PS GI-PS
control 125 mg/L. 25 mg/LL. 50 mg/L. 100 mg/L

1 p

10

Islet insulin content/50-islets

Fig 3. Effect of GI-PS on the pancreatic islet insulin con-
tent induced by 5.6 mmol/L glucose. n=6. Mean+SD.

Insulin release induced by glucose 5.6 mmol/L
in pancreatic islets In the presence of glucose 5.6
mmol/L glucose, G/-PS stimulated the insulin release
significantly at the concentration of 100 mg/L as com-
pared to the culture medium group (Fig 4).

Cell fluorescence of [Ca®"]; After addition of
GI-PS 100 mg/L, the intracellular fluorescence of Ca*
began to elevate slowly. Ten minutes later, the fluores-
cence increased significantly as compared to that of
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Fig 4. Dose-response effect of G/-PS on the insulin release
induced by glucose 5.6 mmol/L in pancreatic islets. Islets
were incubated at 37 °C in DMEM with glucose 5.6 mmol/L
and different concentrations of G/-PS for 1 h. Insulin in
the aliquot was collected and measured by RIA. n=6.
*P<0.05 vs medium control.
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Fig 5. Effect of GI-PS on the cell fluorescence of [Ca®"];
n=15. "P<0.05 vs control at the same time point.

the control group. GI-PS caused about 40 % increase
on the cell fluorescence at 15 min after addition as com-
pared to that of the control group (Fig 5).

Effect of egtazic acid and verapamil on insulin
release at glucose 5.6 mmol/L in isolated pancre-
atic islets Verapamil 50 pmol/L and egtazic acid 0.5
mmol/L inhibited the insulin release of islets under glu-
cose 5.6 mmol/L. The stimulation of insulin release by
GI-PS 100 mg/L under glucose 5.6 mmol/L. was inhib-
ited by verapamil/egtazic acid (Fig 6).

DISCUSSION

Ganoderma lucidum polysaccharides elicit hy-
poglycemic potential in normal mice!®”, but the hypogly-
cemic mechanism remains unknown. In this study,
we found that G/-PS dose-dependently lowered serum

B Without verapamil/EGTA
0O With verapamil/EGTA

Insulin release/mU . h-1

Medium GI-PS GI-PS GI-PS GI-PS
control  12.5mg/LL 2Smg/L 50 mg/L. 100 mg/L

Fig 6. Effect of GI/-PS on the insulin release induced by
glucose 5.6 mmol/L in isolated pancreatic islets. n=6.
Mean+SD. °P<0.05 vs medium control in the without
verapamil/egtazic acid group.

glucose at 3 h and 6 h after ip administration. Because
the hypoglycemic action was very obvious at the dose
of 100 mg/kg, so the effect of GI-PS was investigated
at this dose. The results showed that G/-PS 100 mg/kg
caused increase of serum insulin level at 60 min and
decreased serum glucose levels, the hypoglycemic ef-
fect of G/-PS lasted for more than 5 h. In this study,
there was a transient increase in the serum glucose lev-
els at 30 min after G/-PS administration, it was thought
that this phenomenon maybe due to the rapid decompo-
sition of liver glycogen, because earlier study reported
that Ganoderan B affected the metabolism of liver gly-
cogen in a short time and reduced the glycogen content
in liver at 3 h after ip administration'’.

In vitro experiment demonstrated that G/-PS could
stimulate the insulin release directly at physiological
concentration of 5.6 mmol/L glucose, but it showed no
significant effect on the islet insulin content. This re-
sult suggested that G/-PS could not stimulate the insu-
lin synthesis in 24-h incubation, but it could stimulate
the insulin release from the islets directly. This result is
in accordance with the view that the concentration of
circulating insulin depends mainly on the regulation of
secretion, rather than on the rate of biosynthesis of the
hormone itself!'"],

Insulin is stored in large dense core vesicles in
pancreatic 3 cells and released by exocytosis. Calcium
constitutes the major stimulus for exocytosis. Ca* regu-
lates several steps in exocytosis such as the size of vesicle
pools, the fusion event, and the size of the fusion pool?.
Ganoderma lucidum polysaccharides could increase
[Ca*]; in murine peritoneal macrophages and T lym-
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phocytes due to the influx of extracellular Ca*" and in-
tracellular Ca*" release!"*'*!. The fluorescent experiment
revealed that G/-PS raised the [Ca*"]; slowly but sig-
nificantly 10 min after addition. Subsequent to Ca**
influx, synaptic vesicle exocytosis occurs in short time
and the insulin release increased.

Pancreatic  cells express N-, P/Q-, and L-type
Ca*" channel™, the major contribution to Ca*"-influx
eliciting insulin exocytosis is contributed by L-type chan-
nel". So we choosed verapamil, one kind of L-type
Ca*" channel blocker, and egtazic acid in this experi-
ment to testify whether the insulin-releasing effect of
GI-PS was mediated by its capacity to raise the [Ca®']..
The results indicated that the stimulation of insulin re-
lease by G/-PS under 5.6 mmol/L glucose was inhibited
by verapamil/egtazic acid. It suggested that on physi-
ological glucose concentration, the insulin-stimulating
effect of G/-PS depended mainly on the extracellular
Ca®" influx; it did not promote an intracellular Ca*" re-
distribution or even if it promoted an intracellular Ca**
redistribution, but this effect was too weak to affect
the islets insulin release.

In conclusion, the present findings demonstrate
that the administration of G/-PS to normal mice elicited
the hypoglycemic action, one mechanism is through its
insulin-releasing activity due to a facilitation of Ca*" in-
flow to the pancreatic 3 cells.
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