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Abstract

Little information is known about the effects of 2-azafluorenones on the cellular signal transduction
pathway.  In this study, C6 glioma cells were used to test the effect of 2-azafluorenone and its related
compounds on histamine-induced phophatidyl inositol (PI) turnover, because of some similarities in
chemical structure between these compounds and histaminergic receptor antagonists, such as
chlorpheniramine.  To investigate the mode of action, studies of the effects of these compounds on PI
turnover induced by AlF4

–, Adenosine 5’ triphosphate (ATP), bradykinin and A23187 were carried out.
Histamine increased [3H]inositol 4-phosphate (IP1) formation via the activation of phophatidyl inositol
specific phospholipase C (PI-PLC) to break down the labeled precursor substrate.  This effect could be
blocked by chlorpheniramine, 2-azafluorenone, and 4-methyl-2-azafluorenone in a dose and time-
dependent manner; this inhibitory effect was also found in chemically related compounds of 2-
azafluorenones such as 6-chloro-2-azafluorenone and 6-methoxy-2-azafluorenone.  The AlF4

–- induced
[3H]IP1 accumulation was via an activation of G-protein coupled with PI-PLC to break down the labeled
PI substrate.  These effects could be inhibited by 2-azafluorenone and 4-methyl-2-azafluorenone.
A23187 induced IP1 accumulation via an activation on PI-PLC to break down the labeled PI in a G-
protein-independent manner.  The effect could also be inhibited by 2-azafluorenone and 4-methyl-2-
azafluorenone.  ATP- and bradykinin-induced IP1 formation occur via an activation of their individual
receptor sites, which are different from the receptor sites of histamine.  These effects could also be
inhibited by 2-azafluorenone and 4-methyl-2-azaflureonone.  Depletion of calcium ion by using a calcium
free buffer, with or without the addition of TMB-8 (an intracellular calcium antagonist) decreased
histamine-induced [3H]IP1 formation.  Even in these conditions histamine-induced response was also
inhibited by 2-azafluorenone and 4-methyl-2-azafluorenone.  In summary, the inhibitory effect of 2-
azafluorenone and its related compound 4-methyl-2-azafluorenone on PI-PLC is likely the cause of
reduction in histamine-induced [3H]IP1 formation.  Based on these results, the receptor site, its  coupled
G-proteins, and calcium ion are not the targets for their action.
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Introduction

Azafluorenone derivatives have been reported
to possess aldose reductase inhibitor properties (5).
These compounds are also found to be structurally re-

lated to a significant class of alkaloids such as
onychines (16).  A convenient method for the synthesis
of 2-azafluorenone and other tricyclic pyridines by
intramolecular cyclization of 4-aryl-pridines was
reported by Shiao et al. (14).  In addition, Hundsdorf
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et al. (5) reported a new and general synthesis of
substituted 2-azafluorenones for drug development
purposes.

Recently, Prachayasittikul et al. (11, 12) ob-
tained bioactive azafluorenone alkaloids from the
Polyalthia debilis  (Pierre) Finet and Gagnep
(Annonaceae) plants. They reported that the bioactive
extracts of these plants have potential antimicrobial,
antimalarial and cytotoxic activities.  These findings
suggest potential uses of P. debilis in medicinal ap-
plications.

 In this study, we used C6 glioma cells to test
the effects of 2-azafluorenone and its related com-
pounds on histamine-induced phosphatidylinositol
(PI) turnover, because of  similarities in the chemical
structures of these compounds (15) and histamine H1
receptor antagonists such as chlorpheniramine to
seek further biological activities of these compounds,
in addition to the above mentioned ones.

Materials and Methods

The radioisotope-labeled compound, [1, 2-3H]
L-myo-inositol (45.8 Ci/mmole), used in this study
was purchased from New England Nuclear Co.
(Boston, MA, USA).  Histamine HCl, chlorphe-
niramine, 3, 4, 5-tri-methoxy-benzoic acid 8-(diethyl
amino) octylester (TMB-8), lanthanum chloride,
sodium fluoride, aluminium chloride, fura-2/AM,
nifedipine and verapamil were purchased from Sigma
Chemical Co. (St. Louis, MO, USA); SK&F 96365
was obtained from Biomol. Res. Lab. Inc. (Plymouth
Meeting, PA, USA); Ready Safe Liquid Scintillation
Cocktail was obtained from Beckman Co. (Fullerton,
CA, USA) for use in Beckman LS-3801 model for
sample counting.  Cation Counter (from Spex Model
CMIT 111, Edison, NJ, USA) was used in this study.

Cell Culture

The C6 glioma cell line was a gift from Professor
T. T. Chou at the Institute of Neuroscience, National
Yang-Ming University.  These cells were cultured in
Ham’s F-10 medium (J.R. H. Bio-Science, Shawnee
Mission, KS, USA) with 10% fetal bovine serum
(Hyclone Co. Logan, UT, USA).  Cells in T-75 flasks
were kept at 37°C, 5% CO2 and 95% O2 in an incubator.
The culture medium was changed every other day.
This cell line has been used widely for decades since
its establishment in 1968 (1).  Although it has been
cultured extensively in vitro, its tumorigenicity re-
mains quite stable (17).

Methods

C6 glioma cells were seeded on three glass

cover slips (10 × 40 mm), and kept in a 60 mm culture
flask; and then the flask was kept in a humidified in-
cubator at 37°C and 5% CO2 until cell growth reached
confluency.  Before the experiment, the medium was
changed to F-10 culture medium without addition of
bovine serum.  Labeled materials were added to each
flask for the stated period of time, and then the
unlabeled portion was washed out by washing with
TM buffer (50 mM Tris-HCl, 0.5 mM MgCl2, pH 7.5)
three times.

Phosphatidylinositol (PI) Turnover Analysis (2, 10)

Labeled [3H] myo-inositol (1 µCi/ml) was added
into each flask for incubation for 24 h, and the culture
medium was then removed.  The flask was washed
three times with TM buffer.  10 mM LiCl was then
added to prevent the break down of inositol phosphates
into inositol.  After that, a stimulator such as histamine
was added into the flask for a period of time such as
60 min.  At the end of the incubation, an ice-cold
buffer was used to wash twice to end the reaction in
the flask.  The glass plates were removed for counting
and kept in the scintillation counting vial.  Subse-
quently, extraction of phosphor inositol metabolites
was carried out.  An amount of 2.4 ml chloroform/
methanol mixture (1:2) (v/v) was added to the scin-
tillation vials, which contained the C6 glioma cells.
At the end of the PI turnover reaction, the vials were
vortexed vigorously for 30 sec in order to extract
[3H]IP1 from the cells.  Chloroform (0.8 ml) and 0.8
ml of double-distilled water were added and stirred
thoroughly for 15 sec.  The scintillation vials were
kept and shaken in a sonicator for 15 min to remove
the cells from the glass plates.  After centrifugation at
500 g for 10 min to separate the solution into a top
aqueous layer and a bottom chloroform layer, 200 µl
was removed from the chloroform layer to scintillation
vials in which 3 ml liquid scintillation cocktail was
added.  After mixing, the vials were counted to
determine [3H] inositol incorporation.

Analysis of GPI and PI (10)

The PI was analyzed by anion-exchange chro-
matography.  Half milliliter of AGI × 8 resin (100-200
mesh, formate form) was kept in a Pasteur pipette to
form a column.  Diluted aqueous extraction material
was added (6.4 ml) into the column and the PI was
combined with resin.  Ten ml of double-distilled
water was added to wash out free PI.  Then 6 ml 60
mM sodium formate and 5 ml sodium tetraborate
were added to wash the [3H] glycerol-phosphoinositol
([3H]GPI), and the first 2 ml was collected in a scin-
tillation vial.  Finally 2 ml 0.2 M ammonium formate/
0.1 M formic acid solution was added to wash out
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the [3H]IP1 which was collected in scintillation vials,
then mixed well with 6 ml of scintillation fluid for
scintillation counting.

Statistical Analysis

In this study, Student’s t-test was used for statis-
tical analysis; the significant difference was set as
P < 0.05 between two groups in the comparison.  Each
experiment was carried out in triplicates, and each
test was repeated at least three times.

Results

Histamine-Induced [3H]IP1 Accumulation

After incubation of varying concentrations of
histamine with the C6 glioma cells at 37°C in the pre-
sence of 10 mM LiCl, there was a concentration-
dependent accumulation of [3H]IP1 formation, which
reached a maximal response at 100 µM (Fig. 1).  The
maximal amount of [3H]IP1 accumulation was about
11-fold over the basal level and had an EC50 of 6 µM.
This histamine-induced [3H]IP1 accumulation could
be blocked by the histamine H1 antagonist chlor-
pheniramine.  Pre-treatment with varying concentra-
tions of chlorpheniramine (from 10-8 to 10-4 M) for 10
min resulted in a concentration dependent block-
ing effect on histamine-induced [3H]IP1 accumula-
tion.  The IC50 value of chlorpheniramine was 5 µM.
(Fig. 2).

Effects of 2-Azafluorenone and Its Derivatives on
Histamine-Induced [3H]IP1 Accumulation

The structure of 2-azafluorenones has some
similarities to the antihistaminergic drug chlorphe-
niramine.  Pre-incubation with 100 µM of 2-azafluo-
renone (F1) or its derivatives, 4-methyl-2-azafluorenone
(F2), 6-chloro-2-azafluorenone (F3) and 6-methoxy-
2-azafluorenone (F4) for 10 min, could block 100 µM
histamine-induced [3H]IP1 accumulation in a 60 min
incubation period.  This resulted in inhibitory effect in
the range of 44 to 55% (Fig. 3).

The compounds 2-azafluorenone and 4-methly
2-azafluorenone had a concentration dependent
inhibitory effect on 100 µM histamine-induced
[3H]IP1 accumulation.  The maximal inhibition of
both compounds was found at 1 mM.  The IC50 values
were 100 µM and 150 µM for 2-azafluorenone (Fig.
4A) and 4-methyl 2-azafluorenone (Fig. 4B), respec-
tively.

The presence of 100 µM 2-azafluorenone caused
an inhibitory effect on 100 µM histamine-induced
[3H]IP1 accumulation at different incubation time
points.  At 37°C and in the presence of 1 mM LiCl,
histamine induced [3H]IP1 accumulation demon-
strated a time dependent increase.  Maximal increase
was seen at 40 min; a half maximal level was at 17
min.  An inhibitory effect of 2-azafluorenone on 100
µM histamine-induced [3H]IP1 accumulation was

Fig. 1. Concentration-dependence of histamine-stimulated ac-
cumulation of [3H]inositol 4-phosphate in C6 glioma
cells.  [3H]Inositol labeled cells were incubated with 10
mM LiCl, The cultures were then exposed to various
concentrations of histamine for 60 min.  The basal
activity measured in the absence of histamine was
3216.7 ± 52.4 dpm/107 cells.  The data presented are
the means ± S.E.M. from five independent experiments,
which were performed in triplicates.

Fig. 2. Inhibitory effect of chlorpheniramine, a histamine H1
antagonist, on histamine-stimulated accumulation of
[3H]IP1 accumulation.  [3H]Inositol labeled cells were
preincubated with various concentrations of chlorphe-
niramine for 10 min, and then incubated a further 60
min with 100 µM histamine in the presence of 10 mM
LiCl.  Results are expressed as percentage of the hista-
mine-stimulated response (41919 ± 1612 dpm/107 cells)
in an un-pretreated culture.  The data presented are the
means ± S.E.M. from three independent experiments
performed in triplicates.

1200

1000

800

600

400

200

0
8 7 6 5

-Log [Histamine] (M)

4 3

[3 H
]IP

1 
A

cc
um

ul
at

io
n

(%
 b

as
al

)
120

100

80

60

40

20

0

-20
8 7 6 5

-Log [Chlorpheniramine] (M)

4

%
 In

hi
bi

tio
n 

of
 H

is
ta

m
in

e-
S

tim
ul

at
ed

[3 H
]IP

1 
A

cc
um

ul
at

io
n



104 Wang and Wei

observed.  Inhibition ranging from 40 to 55% was
seen at 20 to 60 min incubation period (Fig. 5).

Effects of 2-Azafluorenone and 4-Methyl 2-Azaflurenone
on ATP- or Bradykinin-Induced IP1 Accumulation

2-Azafluorenone or 4-methyl 2-azaflurenone
was found to inhibit ATP- or bradykinin-induced IP1

accumulation.  Pre-incubation with 100 µM of 2-
azafluorenone or 4-methyl 2-azafluorenone, followed
by a further 60 min incubation period with 1 mM ATP
or 10 mM bradykinin (BK) in the presence of 10 mM
LiCl  resulted in an inhibitory effect in the range of
45 to 55%  (Fig. 6).

Effects of 2-Azafluorenone and 4-Methyl 2-Azafluorenone
on AlF4

–-Induced [3H]IP1 Accumulation

Pre-incubation with 100 mM of 2-azafluo-
renone or 4-methyl 2-azafluorenone for 10 min, and
followed by incubation for a further 60 min with 100
mM AlF4

– in the presence of 10 mM LiCl, resulted
in a 45 to 55% inhibition of [3H]IP1 accumulation
(Fig. 7A).

Effects of 2-Azafluorenone and 4-Methyl 2-Azafluorenone
on A23187-Induced [3H]IP1 Accumulation

Pre-incubation with 100 µM 2-azafluorenone
(F1) or 4-methyl 2-azafluorenone (F2) for 10 min,
and followed by addition of 100 µM of A23187 and
incubation for an additional 60 min, F1 and F2 caused
an inhibitory effect on A23187-induced [3H]IP1 ac-
cumulation by 43% and 50%, respectively (Fig. 7B).

Effects of TMB-8, 2-Azafluorenone, 4-Methyl
2-Azafluorenone, with or without Calcium Ion
in the Incubation Buffer on Histamine-Induced
[3H]IP1 Accumulation

In the incubation medium without calcium, 100

Fig. 3. Inhibitory effect of 2-azafluorenone on histamine-stimu-
lated [3H]IP1 accumulation.  [3H] Inositol-labeled cells
were preincubated with 100 µM of various compounds
from F1 to F4 for 10 min, and then incubated for a further
60 min with 100 µM histamine in the presence of 10
mM LiCl.  Results are expressed as percentage of the
histamine-stimulated response (41215.7 ± 1321 dpm/
107 cells) in un-pretreated cultures.  Results are means ±
S.E.M. from three independent experiments.  F1, 2-
azafluorenone; F2, 4-methyl 2-azafuorenone; F3, 6-chloro
2-azafluorenone and F4, 6-methoxy 2-azafluorenone.
*Significant effect of 2-azafluorenone treatment on
histamine response when compared to the value of hista-
mine only (based on Student’s t-test; P < 0.05).

Fig. 4. Inhibitory effect of 2-azafluorenone on histamine-
stimulated accumulation of [3H]IP1: effects of 2-
azafluorenone (A) and 4-methyl 2-azafluorenone (B).
[3H] Inositol-labeled cells were preincubated with 100
µM of various concentrations of 2-azafluorenone for
10 min, and then incubated a further 60 min with 100 µM
histamine in the presence of 10 mM LiCl.  Results are
expressed as a percentage of the histamine-stimulated
response (41719 ± 1612 dpm/107 cells) in an un-pre-
treated culture.  The data presented are the means ±
S.E.M. from three independent experiments performed
in triplicates.
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mM histamine-induced IP1 formation was only about
45 to 50% of that in medium with calcium.  Pre-
incubation with 100 µM of 2-azafluorenone ( F1) or
4-methly 2-azafuorenone (F2) for 10 min, followed
by addition of 100 µM histamine to induce [3H]IP1

formation from [3H] inositol in the presence of 100
µM LiCl for 60 min with or without calcium in the
incubation buffer, resulted in a significant inhibitory
effect on [3H]IP1 accumulation.  In the medium with-
out calcium, addition of 50 µM TMB-8 (an intracellular
calcium antagonist) caused an 80% inhibition of
histamine-induced [3H]IP1 accumulation with respect

Fig. 5. Time course of histamine-stimulated [3H]IP1 acuu-
mulation in C6 glioma cells in the presence of 2-azaflu-
orenone.  [3H] Inositol-labeled cells were incubated for
various periods with a vehicle or 100 µM histamine
in the presence or absence of 100 µM 2-azafluorenone
in a medium containing 10 mM LiCl.  The data are
expressed as a percentage of [3H]IP1 accumulation at
zero time (expressed as 100%).  Basel level of the assay
was 3199.6 ± 41.7 dpm/107 cells in the absence of
histamine.  The data presented are the means ± S.E.M.
from three independent experiments, which were per-
formed in triplicates.

Fig. 6. Effect of 2-azafluorenone (F1) and 4-methyl 2-
azafuorenone (F2) on ATP or bradykinin (BK)-stimu-
lated [3H]IP1 accumulation.  [3H] Inositol-labeled cells
were preincubated with 100 µM of 2-azafluorenone (F1)
or 4-methyl 2-azafluorenone (F2) for 10 min, and then
incubated a further 60 min. with 1 mM ATP and  10 µM
bradykinin in the presence of 10 mM LiCl.  Results are
expressed as percentage of basal response (1334.7 ± 122
dpm/107 cells) in the absence of ATP and bradykinin
(BK).  The data presented are the means ± S.E.M. from
three independent experiments, which were performed
in triplicate.  *Significant effect of 2-azafluorenone (F1)
and 4-methyl 2-azaflorenone (F2) treatment on ATP or
bradykinin response when these values are compared to
the corresponding controls (based on Student’s t-test;
P < 0.05).

Fig. 7. Effect of 2-azafluorenone (F1) and 4-methyl 2-azaflu-
orenone (F2) on AlF4

–-stimulated [3H]IP1 accumulation
(A), and on A23187-stimulated [3H]IP1 accumulation
(B).  [3H] Inositol-labeled cells were preincubated with
100 µM of 2-azafluorenone (F1) or 4-methyl 2-azafluo-
renone (F2) for 10 min, and then incubated a further 60
min. with 10 µM AlF4

– or 1 µM A23187 in the presence
of 10 mM LiCl.  Results are expressed as a percentage
of basal response  (1495 ± 102 dpm/107 cells) in the
absence of AlF4

–.  The data presented are the means ±
S.E.M. from three independent experiments, which were
performed in triplicates.  *Significant effect of 2-azafluo-
renone (F1) and 4-methyl 2-azafluorenone (F2) treat-
ment on AlF4

– response, when compared to value
of AlF4

– or A23187 only (based on Student’s t-test;
P < 0.05).
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to medium without TMB-8.  Further addition of 100
µM F1 or F2 in the presence of TMB-8 could cause
an additional 12% inhibition of histamine induced
[3H]IP1 accumulation (Fig. 8).

Discussion

Some receptor activation can cause membrane
phosphatidyl-inositol break-down to generate me-
tabolites of diacylglycerol (DG) and inositol 1, 4, 5-
triphosphate (IP3) via a link to the pathway of enzyme
PI-PLC.  Further action of these products may result
in an increase in [Ca2+]i release or protein kinase C
activation (2).  The sequences of this chain reaction
play a very important role for cellular functions, such
as cell proliferation, secretion, apoptosis and muscle
contraction.  It has been reported that PI-PLC is com-
posed of five isomers: α, β, γ, δ, and ε, that are ex-
pressed in different tissues.  In rat brains, δ and ε
subtypes are the main isomers of PI-PLC (13).  Under
physiological conditions, calcium ion, AA, DG and
glutathione are the main activators; whereas protein
kinase C, Mg2+, nicotinamide adenine dinucleotide
(NAD) and zinc are the main inhibitors.  They play an

important role in normal physiological functions (3).
Histamine-induced [3H]IP1 accumulation is a

concentration and time dependent phenomenon, and
this reaction can be blocked by histamine H1 receptor
antagonist of chlorpheniramine with an IC50 of 3.5 ×
10-6 M.  However, [3H]IP1 accumulation and this bio-
logical response can be blocked by 2-azafuorenone
and 4-methyl 2-azafluoreone with IC50 of 5.3 × 10-5

M and 7.2 × 10-5 M, respectively.  In order to inves-
tigate the mode of action of these compounds, further
studies were carried out.

Other cellular substances, such as ATP or brady-
kinin were used to activate PI-PLC and this resulted
in an increase of [3H]IP1 accumulation.  This increase
in [3H]IP1 accumulation could be blocked by 2-
azafluorenone (F1) and 4-methyl 2-azafluorenone
(F2).  Also, F1 and F2 could block AlF4

–-induced [3H]
IP1 accumulation.  Based on the above observation,
the F1 and F2 effects on [3H]IP1 production were
beyond the receptor level, but on the G-protein and
at the PI-PLC enzyme level.

Calcium ionophore A23187 can induce an influx
of Ca2+ into cells to cause the activation of PI-PLC
and result in an increase of [3H]IP1 accumulation.
But this effect does not occur via the activation of G-
protein, since A23187-induced [3H]IP1 accumulation
could be blocked by 100 µM 2-azafluourenone and
4-methyl 2-azafluorenone.  The results suggest that
the inhibition of [3H]IP1 accumulation induced by
these compounds was not on the G-protein site, but
on the PI-PLC molecule itself.

Intracellular calcium ion concentration is re-
gulated by the calcium channel gates.  Calcium
channels can be divided into at least 3 types: (a)
voltage-sensitive calcium channels with 4 subtypes:
T, N, L and P;  (b) receptor-operated calcium ion
channels via the activation of different receptor
subtypes; (c) second messenger operated calcium
channels to open intracellular calcium storage sites
(8, 9).

However, increased by calcium-free medium,
histamine-induced [3H]IP1 accumulation was 52%
increased compared to that observed under calcium-
containing conditions.  But in the addition of 100 µM
2-azafluorenone, it could further decrease [3H]IP1

accumulation even under calcium-free conditions.
The results indicate that the effects of these compounds
on [3H]IP1 accumulation do not require the presence
of calcium ion.  Besides, under calcium-free conditions
and in the presence of TMB-8, addition of 2-azafluo-
renone (100 µM) could further decrease [3H]IP1

accumulation.  This result suggests that the effect of
2-azafluorenone was not at the level of calcium channel
gates.  Here, TMB-8 acted as an intracellular calcium
antagonist (4, 7).

The action of signal transduction pathways is

Fig. 8. Effects of 2-azafluorenone (F1), 4-methyl 2-azafluo-
renone (F2) and TMB-8 (T) on histamine-stimulated
[3H]IP1 accumulation in a buffer with or without (-c)
Ca2+.  [3H]Inositol-labeled cells were preincubated with
100 µM of 2-azafluorenone (F1), 4-methyl 2-azafluo-
renone (F2) or 50 µM TMB-8 for 10 min and then
incubated for a further 60 min with 100 µM histamine
in the presence of 10 mM LiCl in a buffer with or with-
out 2.54 mM Ca2+.  Results are expressed as a percentage
of histamine response (42272 ± 1262 dpm/107 cells).
The data presented are the means ± S.E.M. from three
independent experiments, which were performed in
triplicates.  *Significant effects of 2-azafluorenone (F1),
4-methyl 2-azafluorenone (F2), TMB-8 (T) or Ca2+ with-
out (-c) in a buffer treatment on histamine response when
these values are compared to the corresponding con-
trols (based on Student’s t-test; P < 0.05).
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dependent on various components including lipid sig-
naling molecules, such as phosphoinositides and re-
lated enzymes.  Evidence supports the hypothesis that
inositol lipid cycle is involved in astrocytes activation
during neuro-degeneration and in tumor progression.
Recently, Lo Vasco et al. (6) reported that stimulation
with lipopolysaccharide could cause an activation
of expression of PI-PLC isoenzymes in cultured as-
trocytes.  In this study the functional data do not dis-
tinguish among the PI-PLC isoforms expressed in the
C6 glioma cells; however, enzyme inhibitors such as
2-azafluorenones, that act on PI-PLC component are
worthy of further investigation for drug development.

In summary, 2-azafluorenones inhibit [3H]IP1

accumulation through activation by histamine, AlF4
–,

ATP, bradykinin and A23187 (a calcium ionophore).
From the observation on the mode of action, the
blocking effects of these compounds are not on
receptor, G-proteins or calcium channel molecules,
but at the enzyme level of PI-PLC.  Inhibition of
PI-PLC activation results in a decrease of [3H]IP1

accumulation.  Further studies may reveal that this
effect is specific on PI-PLC but not on other enzymes
that have been taken up.
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