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ABSTRACT

A small nonpeptidyl compoud extracted from
Pseudomassaria sp. was found to induce the
activity of human insulin receptor tyrosine
kinase in vitro. The compound was identified as
demethylasterriquinone B-1 (DMAQ-B1). DMAQ-
B1 also induced an increase in [Ca2+]i and in-
sulin secretion in mice pancreatic beta-cells at
low glucose (3 mM) concentration via insulin
receptor substrate-1/phosphatidylinositol-3-
kinase (PI3 kinase) pathway. By using rat pan-
creatic perfusion technique, we found that 10 yM
DMAQ-B1 directly stimulated insulin secretion
up to 240% in normal rat pancreas. In the dosage
from 1 to 20 yM, DMAQ-B1 stimulated insulin
secretion in a dose dependent manner. Fur-
thermore, DMAQ-B1 enhanced glucose-induced
insulin secretion by 17.6% (first stage) and 19.0%
(second stage), respectively. The PI3 kinase in-
hibitors, LY 294002 (3.9 pM) or wortmannin (100
nM), inhibited DMAQ-B1-induced insulin secre-
tion by 46.3% and 57.4%, respectively. LY 294002
or wortmannin also inhibited DMAQ-B1 with 10
mM glucose-induced insulin secretion by 70.3%
and 79.0%, respectively. All the results sug-
gested that DMAQ-B1 directly stimulated insulin
secretion and enhanced glucose-induced insu-
lin secretion. The effect of DMAQ-B1 may medi-
ate through the activation of PI3 kinase pathway
to stimulate insulin secretion in normal rat pan-
creas.
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1. INTRODUCTION

Oral therapies for type 2 diabetes mellitus are widely
used until today. Thus, the development of an orally insu-
lin mimetic drug was the way for the treatment of diabe-
tes mellitus. In order to discover a new compound that
could activate the human insulin receptor tyrosine kinase,
Zhang et al. established a cell-based assay to screen a
collection of synthetic chemicals and natural products
extracted from fungus [1]. Following the analysis with
high-performance liquid chromatography and nuclear
magnetic resonance, a small nonpeptidyl compound iso-
lated from Pseudomassaria sp. was characterized and
identified as demethylasterriquinone B-1 (DMAQ-B1),
and also named as L-783, 281 [1]. It was found that
DMAQ-B1 had hormone-like action in vitro. DMAQ-BI1
increased the activity of human insulin receptor tyrosine
kinase and increased the tyrosine phosphorylation of IR
subunit. DMAQ-B1 also activated insulin receptor tyro-
sine kinase downstream signaling proteins, including
insulin receptor substrate 1 (IRS-1), ERK1/2, SHC,
Phosphatidylinositol 3-kinase (PI3 kinase), p70 S6
kinase, Akt and glycogen synthase kinase-3 (GSK-3) [1-
3]. DMAQ-B1 also induced an increase in [Ca2+]i in-
volved release of Ca2+ from intracellular stores and
stimulated insulin secretion in mice pancreatic beta-cells
at nonstimulatory glucose (3 mM) concentrations via in-
sulin receptor substrate-1/phosphatidylinositol-3-kinase
(PI3 kinase) pathway [4]. In addition, DMAQ-B1 could
improve glucose intolerance and inhibit hyperinsuline-
mia in db/db and ob/ob mice [1]. Strowski et al. found
that administration of DMAQ-B1 could decrease hyper-
glycemia and obesity in a nongenetic mouse model of
type 2 diabetes mellitus [5]. Velliquette ef al. found that
the oral treatment of DMAQ-BI1 didn’t increase body
weight and food intake in the spontaneously hypertensive
obese rat model of metabolic syndrome X [6]. Chronic
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treatment with DMAQ-B1 had no significant effect on
the maximal insulin-induced insulin receptor tyrosine
phosphorylation or IRS-1- associated PI3 kinase activity
in skeletal muscle in vivo [6]. According to previous
studies, we explored the direct effect of DMAQ-B1 on
insulin secretion and the potential signaling mechanism
of stimulatory effect of DMAQ-B1 by using an isolated
rat pancreas perfusion system.

2. MATERIALS AND METHODS
2.1. Animals and Chemicals

Sprague-Dawley rats (200 - 300 g) originated from
BioLasco Taiwan Co., Ltd were kept at room tempera-
ture (~25°C) in plastic cages under a 12-h cycle of light.
The rats were given free access to tap water and were fed
ad libitum with commercial diet (Fwusow; Sha-Lu,
Taichung, Taiwan). After an overnight fast (>12 hr), rats
were anesthetized with a 125 mg/kg intraperitoneal in-
jection of Urethane (Fluka Chemie Gmbh, China). Ac-
cess to the pancreas was gained through a ventral midline
incision, and the animals’ celiac arteries and portal veins
were cannulated with polyvinyl tubing’s of 0.625 and 1.2
mm (internal diameter), respectively. The rats were
maintained at 37°C throughout the experiments. Krebs-
Ringer bicarbonate buffer supplemented with 10 mM
N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid
(HEPES), 5.5 mM glucose, 0.1% dextran, and 0.2% bo-
vine serum albumin, was used as the perfusate (basal
medium). This solution was continuously aerated with

95% 0,/5% CO,, and the pH value was maintained at 7.4.

All chemicals were purchased from Sigma Chemical (St.
Louis, MO), except for DMAQ-BI, dimethylsulfoxide
(DMSO) and LY294002, which were provided by Merck
(U.S. and Canada), Merck (Darmstadt, Germany) and Eli
Lilly (Indianapolis, IN), respectively. DMAQ-B1 was
dissolved in 100 pM DMSO. The animal use protocol
was reviewed and approved by the Institutional Animal
Care and Use Committee of National Chung Hsing Uni-
versity.

2.2. Pancreatic Perfusion

By using a method modified from Grodsky and Fan-
ska [7], the in situ in living rat pancreatic perfusion with
an open system was performed at 37°C. The pancreatic
perfusion was maintained at a flow rate of 1 ml/min,
which did not cause noticeable edema or impair insulin
release. After the cannulation of celiac artery and portal
vein, the rat pancreatic perfusion preparations were per-
fused with KRB basal medium for 20 min as an equili-
bration period. Subsequently, the effluent fluid was col-
lected every minute from the cannula of the portal vein
for 50 min. In experiment 1, after a baseline period of 10
min, the perfusate containing DMAQ-B1 (10 uM) or
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DMSO (100 uM) was administered for 30 min, followed
by the basal medium for 10 min. In experiment 2, after a
baseline period of 10 min, the perfusate containing
DMAQ-BI1 (1, 5, 10, 15 or 20 uM) was administered for
30 min, followed by the basal medium for 10 min. In
experiment 3, the perfusate containing 10 mM glucose
with or without DMAQ-B1 (10 uM) was administered
for 30 min, followed by a basal medium washout for the
last 10 min. In experiment 4, the medium containing
PI3K inhibitors (3.9 uM LY294002 or 100 nM wortman-
nin) was administered for 5 min and was followed by
LY294002 (3.9 uM) with DMAQ-B1 (10 uM) or wort-
mannin(100 nM) with DMAQ-B1(10 uM) for another 25
min, respectively. In experiment 5, the medium contain-
ing LY294002 (3.9 uM) was administered for 5 min as
pretreatment and was followed by LY294002 (3.9 uM)
with DMAQ-B1 (10 pM) or LY294002 (3.9 uM) with
DMAQ-B1 (10 uM) and 10 mM glucose for another 25
min. In experiment 6, the medium containing wortman-
nin (100 nM) was administered for 5 min as pretreat-
ment and was followed by wortmannin (100 nM) with
DMAQ-B1 (10 puM) or wortmannin (100 nM) with 10
mM glucose and DMAQ-B1 (10 uM) for another 25 min.
The collected effluent fluid was kept at 4°C and subse-
quently assayed within 12 h for insulin by using radio-
immunoassay (RIA), as previously described by Hale
and Randle [8]. Rat insulin was used as standard for the
RIA.

2.3. Data Expression and Statistical
Analysis

Data of effluent insulin concentrations were expressed
as percentage of the baseline level (mean of 10 baseline
values) in means + SE. Data were analyzed by using
analysis of variance (ANOVA) to determine the signifi-
cance of treatment and time. The treatment multiplied
by time interaction was used as an error term to deter-
mine the effect of treatment. The significance of treat-
ment was determined from the conservative F value.
Tukey’s highly significant difference test was used to
determine the differences between treatments for which
the ANOVA indicated a significant (P < 0.05) F ratio. For
analyzing the first and second phases of insulin secretion
during glucose perfusion, the areas under the curve
(AUCs) of the percentage increase over baseline were
calculated and compared by using Student’s t tests. P <
0.05 was considered statistically significant.

3. RESULTS
3.1. Effect of DMAQ-B1 on Insulin Secretion

The direct effect of DMAQ-B1 (10 uM) on insulin se-
cretion in normal living rat in situ pancreas was shown in
Figure 1. The increase of insulin secretion was observed
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Figure 1. Effect of demethylasterriquinone B-1 on insulin se-
cretion in the perfused rat pancreas. In pancreatic perfusion
experiments, an equilibration period of 20 min preceded time 0.
After a baseline period of 10 min, 10 pM DMAQ-B1 and 100
uM DMSO were administered for 30 min followed by the basal
medium (KRB), respectively. Values are shown as means = SE
(n = 4). The baseline effluent concentrations of insulin were
4172 £ 277 pg/ml, 1385 + 265 pg/ml, and 2462 + 565 pg/ml for
the control, 10 uM DMAQ-B1, and 100 uM DMSO groups,
respectively.

within 4 minutes and reached a statistical significant
level at 21 minutes. DMAQ-B1 (10 pM) stimulated a
240% increase in the peak effluent concentration of insu-
lin at 21 minutes. In order to determine the dose-effect of
DMAQ-B1 on insulin secretion, various concentrations
of DMAQ-BI (1, 5, 10, 15, 20 uM) were infused into rat
pancreas. As shown in Figure 2, insulin secretion was
increased by DMAQ-BI1 in a dose-dependent manner.
DMAQ-B1 (1, 5, 15 and 20 uM) induced increases in the
peak effluent insulin concentrations were 126%, 172%,
256% and 291%, respectively, above the basal control
group. The insulin secretion response was declined after
discontinuation of DMAQ-B1 perfusion.

3.2. Effect of DMAQ-B1 on Glucose-Induced
Insulin Secretion

As shown in Figure 3, glucose (10 mM) with or
without DMAQ-B1 (10 puM) were infused via in situ
pancreatic perfusion. Glucose (10 mM) alone induced a
biphasic insulin secretory response. After the administra-
tion of DMAQ-BI in perfusate containing 10 mM glu-
cose, the glucose-induced second phase of insulin secre-
tion were enhanced compared with those with glucose
alone (P < 0.01). By comparing the AUCs of the percent-
age increase over baseline, DMAQ-B1 (10 uM) enhanced
17.6% and 19.0% insulin secretion in the first and second
phases of insulin secretion, respectively (Table 1).
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Figure 2. Dose-dependent effect of DMAQ-BI1 on insulin se-
cretion in the perfused rat pancreas. In pancreatic perfusion
experiments, an equilibration period of 20 min preceded time 0.
After a baseline period of 10 min, different dosage of DMAQ-
B1 was administered for 30 min followed by the basal medium
(KRB). Values are shown as means + SE (n = 4). The baseline
effluent concentrations of insulin were 4172 + 277 pg/ml, 2556
+ 296 pg/ml, 1733 + 259 pg/ml, 1385 + 265 pg/ml, 1381 + 74
pg/ml and 842 + 175 pg/ml for the control, 1, 5, 10, 15 and 20
uM DMAQ-BI1 groups, respectively.

Table 1. Effect of DMAQ-B1 on glucose-induced first and
second phases of insulin secretion.

First phase Second phase
(2 - 7 min) (8 - 30 min)
Glucose (10 mM) 1945.6 +259.8 12534.3 + 890.7
Glucose (10 mM) +

2287.3+377.9 14927.6 + 1531.8

DMAQ-B1(10 uM)
% increase over

9 0,
glucose effect 17.6% 19.0%

Data are means + SE, unless otherwise indicated. "AUC of the percentage
increase over baseline. P <0.01 vs. glucose group (Student’s t test).

3.3. Effect of PI3 Kinase Inhibitors on
DMAQ-B1-Induced Insulin Release

Two PI3 kinase inhibitors, LY294002 and wortmannin,
were included in the perfusate to explore the possible
signaling pathways leading to the effect of DMAQ-B1 on
insulin secretion. As shown in Figure 4, LY294002 (3.9
uM) and wortmannin (100 nM) dramatically decreased
DMAQ-BI1-induced insulin secretion by 46.3% and
57.4%, respectively. The results indicated a possible role
of the PI3 kinase pathway involving the effect of
DMAQ-B1 on insulin secretion. In Figures 5 and 6,
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Figure 3. Effect of 10 uM DMAQ-B1 in the medium contain-
ing 10 mM glucose on insulin secretion in the perfused rat pan-
creas. In pancreatic perfusion experiments, an equilibration
period of 20 min preceded time 0. After a baseline period of 10
min, 10 uM DMAQ-B1 with or without 10 mM glucose was
administered for 30 min followed by basal medium perfusion.
Values are means + SE (n = 4). The baseline effluent concentra-
tions of insulin were 4172 + 277 pg/ml, 1385 + 265 pg/ml, 634
+ 156 pg/ml and 836 + 194 pg/ml for the control, 10 uM
DMAQ-B1, 10 mM glucose and 10 uM DMAQ-B1 + 10 mM
glucose groups, respectively.
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Figure 4. Effect of LY294002 or wortmannin on DMAQ-BI1-
induced insulin release in the perfused rat pancreas. In pancre-
atic perfusion experiments, an equilibration period of 20 min
preceded time 0. After a baseline period of 10 min, 3.9 uM
LY294002 or 100 nM wortmannin was administered for 5 min,
and then 10 uM DMAQ-B1 was added in the medium for 30
min followed by basal medium perfusion. Values are means +
SE (n = 4). The baseline effluent concentrations of insulin were
4172 + 277 pg/ml, 1385 + 265 pg/ml, 2871 + 253 pg/ml and
3179 + 642 pg/ml for the control, 10 uM DMAQ-BI1, 10 uM
DMAQ-BI1 + 3.9 uM LY294002 and 10 pM DMAQ-B1 + 100
nM wortmannin groups, respectively.
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Figure 5. Effect of LY294002 on DMAQ-B1- or DMAQ-BI1
mixed with 10 mM glucose-induced insulin release in the per-
fused rat pancreas. In pancreatic perfusion experiments, an
equilibration period of 20 min preceded time 0. After a baseline
period of 10 min, 3.9 puM LY294002 was administered for 5
min, and then 10 uM DMAQ-B1 or 10 uM DMAQ-B1 with 10
mM glucose was added in the medium for 30 min followed by
basal medium perfusion. Values are means = SE (n = 4). The
baseline effluent concentrations of insulin were 4172 + 277
pg/ml, 1385 + 265 pg/ml, 2871 + 253 pg/ml, 634 £+ 156 pg/ml,
836 + 194 pg/ml and 2670 + 376 pg/ml for the control, 10 pM
DMAQ-BI1, 3.9 uM LY294002 + 10 uM DMAQ-BI, 10 mM
glucose, 10 mM glucose + 10 uyM DMAQ-B1 and 3.9 uM
LY294002 + 10 mM glucose + 10 uM DMAQ-B1 groups, re-
spectively.

LY294002 (3.9 uM) or wortmannin (100 nM) were per-
fused before DMAQ-B1 with 10 mM glucose, LY294002
or wortmannin inhibited glucose (10 mM) mixed with
DMAQ-BI-induced insulin secretion by 70.3% and 79.0%,
respectively.

4. DISCUSSION

In 1999, through extensive screening of over 50,000
mixtures of synthetic compounds and natural products,
Zhang et al. identified and isolated a small molecular IR
activator, demethylasterriquinone B-1 (DMAQ-B1) from
a fungal extract (Pseudomassaria sp.) by using Chinese
hamster ovary cells expressed human IR [1]. DMAQ-BI
has greater activity 10-fold selectivity for insulin receptor
tyrosine kinase than insulin-like growth factor receptor
(IGHF-IR), epidermal growth factor receptor (EGFR)
and platelet-derived growth factor receptor (PDGFR) [1-
3]. Zhang et al. also found that the interaction of
DMAQ-B1 with IR kinase domain appears to alter the
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Figure 6. Effect of wortmannin on DMAQ-B1- or DMAQ B1
mixed with 10 mM glucose-induced insulin release in the per-
fused rat pancreas. In pancreatic perfusion experiments, an
equilibration period of 20 min preceded time 0. After a baseline
period of 10 min, 100 nM wortmannin was administered for 5
min, and then 10 uM DMAQ-B1 or 10 uM DMAQ-B1 with 10
mM glucose was added in the medium for 30 min followed by
basal medium perfusion. Values are means + SE (n = 4). The
baseline effluent concentrations of insulin were 4172 + 277
pg/ml, 1385 + 265 pg/ml, 3179 + 742 pg/ml, 634 + 156 pg/ml,
836 + 194 pg/ml and 5439 + 1912 pg/ml for the control, 10 uM
DMAQ-BI1, 100 nM wortmannin + 10 yM DMAQ-B1, 10 mM
glucose, 10 mM glucose + 10 uM DMAQ-B1 and 100 nM
wortmannin + 10 mM glucose + 10 uM DMAQ-B1 groups,
respectively.

conformation of the protein in the region encompassing
the ATP binding site [1].

DMAQ-BI also stimulated glucose uptake in rat pri-
mary adipocytes and in isolated soleus muscle from lean
mice [1]. In addition, DMAQ-B1 dose-dependently in-
creased glucose transport in 3T3L1 adipocytes [2]. There-
fore, DMAQ-B1 can increase glucose uptake in periph-
eral tissues. In 2002, Roper ef al. found that DMAQ-B1
dose-dependently induced intracellular calcium release
in CD1 (ICR) mice and C57Bl/6 mice pancreas [4]. The
pretreatment of thapsigargin reduced the DMAQ-BI-
induced intracellular calcium release [4]. They also
found that nifidipine can decrease DMAQ-B1-induced
calcium increase by 33% % 6%. It revealed that DMAQ-
Bl induced Ca®" entry through voltage-dependent Ca**
channel [4]. In addition, 10 pM DMAQ-B1 can stimulate
119% =+ 25% insulin release in IRS-1+/+ mice, whereas,
10 uM DMAQ-BI can only stimulate 1.3% =+ 0.1% insu-
lin release in IRS-1—/— mice [4].

Copyright © 2013 SciRes.

Zhang et al. found that oral administration of DMAQ-
Bl dose-dependently reduced blood glucose concentra-
tion in ob/ob mice. DMAQ-BI also improved the glucose
tolerance and reduced insulin concentration in ob/ob
mice [1]. In 2004, Strowski et al. found that oral DMAQ-
B1 (11.5 mg/kg) for 3 weeks could reduced postprandial
blood glucose levels by approximately 50% in STZ-in-
duced type 2 diabetic mellitus C57BL/6 mice fed with
high fat diet [5].

Our results showed that DMAQ-B1 directly stimulated
insulin release in normal rat pancreas in a dose-depend-
ent manner. The administration of DMAQ-B1 in 10 mM
glucose perfusate enhanced glucose-induced insulin se-
cretion to 1019% compared with those in the perfusion
experiments with DMAQ-B1 alone by 240% and glucose
alone by 850%.

Zhang et al. found that DMAQ-B1 phosphorylated
insulin receptor beta subunit and insulin receptor sub-
strate-1 (IRS-1) in CHO.IR cells and activated PI 3-
kinase and AKT [1]. Ding ef al. reported that DMAQ-B1
could phosphorylate p70S6 kinase in CHO.IR cells [3].
P70 S6 kinase is another key enzyme downstream of the
PI3-kinase pathway, and wortmannin can inhibit DMAQ-
B1 induced phosphorylation of p70S6 kinase [3].

There are two specific PI3 kinase inhibitors, wortman-
nin and LY294002. Wortmannin was produced from
penicillium wortmannin and LY294002 was designed
from flavonoid quercetin as a synthetic PI3 kinase in-
hibitor [9]. Although the IC50 of LY294002 is about
500-fold higher than that of wortmannin, LY294002 is
widely used in cell biology as a specific PI3K inhibitor
because it is much more stable in solution than wort-
mannin [10]. The results showed that LY294002 (3.9 uM)
or wortmannin (100 nM) inhibited DMAQ-B1- induced
insulin secretion by 46.3% and 57.4%. LY294002 (3.9
pM) or wortmannin (100 nM) also inhibited glucose
mixed with DMAQ-Bl-induced insulin secretion by
70.3% and 79.0%, respectively. Pharmaceutical interven-
tion aimed at augmenting insulin receptor function ulti-
mately may prove beneficial as a novel therapeutic op-
tion in patients with diabetes [11].

All the results suggested that DMAQ-B1 directly
stimulated insulin secretion in a slow release pattern in
normal rat pancreas. In addition, glucose-induced insulin
secretion was enhanced by DMAQ-B1. The results also
showed that LY294002 or wortmannin inhibited DMAQ-
Bl-induced insulin secretion and glucose mixed with
DMAQ-B1-induced insulin secretion. Therefore, the ef-
fect of DMAQ-B1 may mediate through the activation of
PI3 kinase pathway to stimulate insulin secretion.
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