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A series of 2,3-dihydro-1,5-benzodiazepines were synthesized and evaluated for anti-inflammatory
effects in microglia cells. Among the 1,5-benzodiazepines tested, compound 3e strongly inhibited LPS-
induced nitric oxide (NO) production, with an ICsq value of 7.0 uM in the microglia cells. Also, compound
3e significantly inhibited the enzymatic activity of inducible NO synthase (iNOS) without changes in iNOS
protein expression or NO scavenging activity. This result suggests that compound 3e showed anti-neur-
oinflammatory effects by suppressing iNOS enzyme activity.

© 2010 Elsevier Ltd. All rights reserved.

Microglia, resident macrophages, are the immune surveillance
cells of the central nervous system (CNS) and play an active role in
brain inflammatory, immune, and neurodegenerative processes.'
Upon neuronal injury or inflammatory stimulation, activated
microglia produce and release a variety of pro-inflammatory factors,
such as nitric oxide (NO), tumor necrosis factor-o (TNF-at), and inter-
leukin-18 (IL-1B), that can result in neuronal cell death in neurode-
generative diseases.?”> Thus, microglial activation appears to play
a pivotal role in the initiation and progression of neurodegenerative
diseases. Therefore, modulation of activated microglia is important
to the protection of neuronal cells from exposure to inflammatory
substances and may have therapeutic potential in neurodegenera-
tive diseases that are accompanied by microglial activation.

NO can be produced by three isoforms of nitric oxide synthase
(NOS): neuronal NOS (nNOS, type I), inducible NOS (iNOS, type
II), and endothelial NOS (eNOS, type III). Generally, eNOS and nNOS
are Ca’"-dependent and constitutively release small amounts of
NO required for physiological function. In contrast, iNOS is Ca%*-
independent and is not normally expressed but can be induced
by lipopolysaccharide (LPS) and various cytokines, such as inter-
feron-y (IFN-y), TNF-a, and IL-1B.57 NO, a neuromodulator in the
CNS, participates in brain development, pain perception, memory,
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and neuronal plasticity.® However, the elevated level of NO pro-
duced by the expression of inducible iNOS is an important media-
tor of inflammation and neuronal cell death.’

Benzodiazepines are important organic molecules with a wide
array of biological activities and therapeutic functions. Among
the benzodiazepines, the 1,4- and the 1,5-benzodiazepines are
commonly used as anxiolytic and anticonvulsive drugs. These ef-
fects are primarily mediated via the benzodiazepine receptors lo-
cated in the central nervous system.'® Also, peripheral-type
benzodiazepine binding sites have been detected in microglia'’,
macrophages'?, and other tissues.'® In addition to the anxiolytic
activity of the benzodiazepines, these molecules also have activity
as anti-cancer'® and anti-neuroinflammatory'® agents.

In this study we designed and synthesized 2,3-dihydro-1,5-ben-
zodiazepine derivatives to identify novel neuroprotective agents.
Evaluation of the ten synthesized 1,5-benzodiazepine derivatives
as potential anti-neuroinflammatory agents was performed using
BV-2 microglia cells.

The benzodiazepine derivatives were synthesized according to
the procedure shown in Scheme 1. Thus, a mixture of o-phenylene-
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Scheme 1. Synthesis of 2,3-dihydro-1,5-benzodiazepines.
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Table 1
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Inhibitory activities of 1,5-benzodiazepine derivatives on NO production in LPS-activated microglia

C:N CHs

N
3(aj) R

Compounds R Time?® (min) Yield® (%) Inh® (%) ICs50 (LM)
3a Methyl 30 98 28.6 143
3b Ethyl 40 95 27.4 15.2
3c Phenyl 40 92 59.8 9.4
3d Isopropyl 60 94 26.3 16.6
3e 2-Thiophenyl 120 86 70.3 7.0
3f 3-Thiophenyl 120 82 13.2 35.2
3g 4-Chlorophenyl 50 95 28.2¢ =
3h 3-Chlorophenyl 80 85 21.2 23.2
3i 4-Methylphenyl 50 96 34.6 14.0
3j 2-Nitrophenyl 50 95 249 232

2 Reaction time for the preparation of 3a-j.
b Isolated yield in the syntheses.
¢ Values obtained through three experiments and the mean inhibition of NO production relative to the LPS control at 10 uM concentration of compounds.

4 Cytotoxic effect was observed.
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Figure 1. The inhibitory effect of compound 3e on NO production in LPS-activated BV-2 cells. (A) The effect of compound 3e on LPS-induced NO production in BV-2 cells.
Nitrite was measured using the Griess reaction after 24 h treatment with LPS (100 ng/ml) in the presence or absence of compound 3e. (B) The effect of compound 3e on NO
scavenging activity after a mixture of SNP and compound 3e were incubated at 25 °C for 150 min. (C) The effect of compound 3e on iNOS enzyme activity in BV-2 cells. (D) The
effect of compound 3e on iNOS protein expression in BV-2 cells. iNOS protein was detected using Western blot analysis after 6 h of treatment with LPS (100 ng/ml) in the
presence or absence of compound 3e (1, 5, and 10 pM). L-NMMA was used as positive control. All data were presented as the mean + S.D. *p <0.05 indicates statistically
significant differences from treatment with LPS alone.
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diamine 1 (1 mmol), ketone 2 (2.5 mmol), and silica gel-supported
sulfuric acid catalyst (0.1 mmol) in methanol was stirred at room
temperature for the appropriate time'® (Table 1). Completion of
the reaction was monitored via TLC. After completion of the reac-
tion, ethyl acetate was added to the reaction mixture, and the cat-
alyst was recovered by filtration. The organic layer was
concentrated, and the crude product was purified by silica gel col-
umn chromatography using an ethyl acetate/n-hexane mixture
(1:9) as an eluent to afford the desired product 3. The compounds
were purified further by recrystallization with ethyl acetate and
hexane to obtain the pure form with an 82-98% yield.

The inhibitory activities of NO production by the 2,3-dihydro-
1,5-benzodiazepine derivatives were evaluated using LPS-acti-
vated microglia cells. A murine microglia cell line, BV-2, was stim-
ulated with 100 ng/ml LPS for 24 h in the presence or absence of
the samples. The presence of nitrite, a soluble oxidation product
of NO, in the culture media was determined by Griess reaction. Cell
viability was measured using a 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) assay.

As shown in the Table 1, the inhibitory activities of the 1,5-ben-
zodiazepines varied according to the structure of R. The benzodiaz-
epine containing a phenyl ring at the R position showed good
inhibitory activity (3c), as compared with alkyl groups. However,
the activity declined as substituents were attached to the phenyl
ring (3g-j), indicating that the BV-2 cell is very sensitive towards
both steric and electronic differences in position R.

The highest NO-inhibitory effect on BV-2 cells among the com-
pounds tested in this study was obtained with the benzodiazepine
containing 2-thiophene ring (3e). Interestingly, the activity sharply
changed depending upon the attachment position of the thiophene
ring. The compound with the 3-thiophenyl group (3f) gave poor
inhibitory activity. Since the steric difference between 2-thio-
phenyl and 3-thiophenyl group is marginal and can be ignored in
this case, the activity difference might be due to the electronic
effects.

INOS expression is induced in activated microglia and mediates
NO synthesis. Thus, we investigated the effect of 3e on the activ-
ity!” and expression'® of iNOS protein in LPS-induced BV-2 cells.
Also, we evaluated the NO scavenging activity!® of compound 3e.
As shown in Figure 1, compound 3e did not have a significant
inhibitory effect on the expression of iNOS and NO scavenging
activity but did significantly inhibit iNOS enzyme activity. There-
fore, the inhibitory effect of compound 3e on NO production may
be partly due to inhibition of iNOS enzyme activity.

In summary, we have reported a new class of 1,5-benzodiaze-
pines that demonstrate anti-neuroinflammatory activity in
microglia cells. Compound 3e has shown the highest NO-inhibitory
effect on BV-2 cells. Compound 3e showed inhibitory effects on NO
production through the suppression of iNOS enzyme activity.
These results suggest that compound 3e may be of beneficial ther-

apeutic potential for neuroinflammatory diseases through the inhi-
bition of microglial activation and is a suitable target for further
structure activity relationship studies. Further studies are required
to elucidate the precise mechanisms underlying the anti-inflam-
matory activity of compound 3e.
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