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Ceramide accumulation in neurons during various disorders is associated with acute and chronic neuro-
degeneration. Here we investigate the neuroprotective effects of furopyrazole derivative of benzylindaz-
ole analogs on C2 ceramide-induced cell death in primary cortical neurons. Among the 12 furopyrazole
derivative of benzylindazole analogs tested, carbinol derivatives exhibited strongest neuroprotection
against C2 ceramide-induced apoptosis. The results suggest that furopyrazole derivative of benzylindaz-
ole analogs can be developed as useful neuroprotectants against neurodegenerative diseases.

� 2009 Elsevier Ltd. All rights reserved.
Table 1
Chemical structure of compounds 1–12

Compound n R1

YC-1 — —
1 1 COOCH3

2 1 COOH
3 1 CH2OH
4 0 COOCH3

5 0 COOH
6 0 CH2OH
Benzylindazole derivative such as 3-(50-hydroxymethyl-20-fur-
yl)-1-benzyl indazole (YC-1), greatly potentiated the response of
soluble guanylate cyclase (GC) to nitric oxide (NO).1–4 YC-1, not
only affected the cGMP-forming GC but also inhibited the cGMP-
degrading phosphodiesterases such as PDE 5 and PDE 1.1,5 NO
serves as neurotransmitter/neuromodulator in the central and
peripheral nervous systems and certain neuronal cells possess
cGMP signaling pathway similar to that in vascular smooth muscle
cells.6,7 Although NO at hight concentrations is toxic and thought
to participate in neuronal death during stroke and neurodegenera-
tive diseases, at low physiological concentrations, it can act as an
antiapoptotic/prosurvival factor in certain neural cells.6,8,9 The
antiapoptotic effects of NO are mediated, in part, by cGMP and
downstream target PKG.6 Nitric oxide-cGMP-PKG signaling path-
way was involved in the learning enhancement of YC-1 and ap-
peared to play an essential role in preventing activation of a
proapoptotic pathway, thus promoting neural cell survival.3,6

Ceramide is a second messenger and its functions range from
proliferation, differentiation to growth arrest and apoptosis.10,11

Ceramide can be generated either from de novo synthesis or by
the action of sphingomyelinases (SMases).12 A variety of apoptosis
initiators activated sphingolipid metabolism leading to increased
ceramide levels which correlated with subsequent cell death.13–16

Ceramide also has been implicated in neuronal death during devel-
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opment and in models of acute and chronic neurodegenerative dis-
orders such as cerebral ischemia or Alzheimer’s disease.17,18 In the
7 1 COOCH3

8 1 COOH
9 1 CH2OH
10 0 COOCH3

11 0 COOH
12 0 CH2OH
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Figure 1. Neuroprotective effects of compounds 1–12 against C2 ceramide toxicity in cultured cortical neurons. Cells were exposed to compounds 1–12 at indicated
concentrations for 2 h and then treated with 20 lM of C2 ceramide for 24 h. Cell viability was determined by MTT assay. *P < 0.05, **P < 0.01, ***P < 0.001 as compared to the
cells treated with C2 ceramide alone.
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present study, we examine the anti-apoptotic action of furopyraz-
ole derivative of benzylindazole analogs using C2 ceramide as an
apoptotic inducer in the primary cortical cultured neurons.

Furopyrazole derivative of benzylindazole analogs were synthe-
sized from the laboratories of Huang and Kuo.19 After a 4-day mat-
uration period in vitro, cortical neurons were exposed to
compounds 1–12 (Table 1) for 2 h and then treated with 20 lM
C2 ceramide for 24 h. Cell viability was measured using the MTT
metabolism assay.20 As shown in Figure 1, pretreatment with car-
binol forms of compounds 3, 6, 9 and 12 significantly reduced C2
ceramide-induced neuronal death. The ester forms of compounds
1, 4, 7, 10 and carboxylic acid forms of compounds 2, 5, 8, 11 did
not offer protection. Among carbinol derivatives, compounds 9
and 12 exhibited stronger neuroprotection against C2-ceramide-
induced apoptosis. Compound 9 increased cell survival to
78.8 ± 2.2%, 80.1 ± 0.2%, 91.4 ± 4.8% and 101.4 ± 3.1% at concentra-
tions of 1, 2.5, 5 and 10 lM, respectively. Compound 12 also in-
creased the cell survival to 75.6 ± 1.8%, 81.5 ± 1.5%, 90.1 ± 0.2%,
100.2 ± 1.7% at concentrations of 1, 2.5, 5, 10 lM, respectively.
The maximal effect was at 10 lM and the effect decreased with a
higher concentration. Compounds 3 and 6 (5-hydroxymethy-2-fur-
yl) at concentration of 10 lM was also able to inhibit cell death but
by far less extent than those of compounds 9 and 12 (p-hydrom-
ethylphenyl). Overall, the order of potency was carbinol form > car-



Figure 2. Morphological analysis of cell death induced by C2 ceramide exposure. Cortical neurons were treated with 10 lM Compound 12 (B), 20 lM C2 ceramide (C), or both
(D) for 24 h. Control cells were without any treatment (A). Morphological studies were conducted by Hoechst 33258 staining. The arrowheads indicate apoptotic nuclei. Scale
bar = 50 lm.

Figure 3. Requirement of ERK activation for the neuroprotective effect of
compound 12. Pretreatment with U0126 (A, 20 lM) or PD98059 (B, 40 lM) blocked
the neuroprotective effect of compound 12. ***P < 0.001 as compared to the cells
treated with C2 ceramide + compound 12.
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boxylic acid � ester forms. These results suggest that a hydrometh-
yl group was essential for neuroprotective action against C2 cera-
mide-induced cell death.

To confirm whether C2 ceramide-induced cell death was due to
apoptosis, morphological analysis with Hoechst staining was con-
ducted. The Hoechst staining method was used to identify the
apoptotic nuclei in cells.21 Apoptotic cells that contained the apop-
totic bodies showed blue peripherally clumped or fragmented
chromatin. The number of fragmented, brightly fluorescent nuclei
indicative of apoptosis appeared to be increased in cortical cultures
challenged with C2 ceramide alone (Fig. 2C) as compared to those
co-treated with compound 12 (Fig. 2D). Compound 12 at 10 lM
alone did not result in apparent cell death (Fig. 2B). This result
demonstrated that compound 12 attenuated neuronal apoptosis
by suppressing C2 ceramide-induced apoptosis.

ERK1/2 is critical for neuronal survival in many nervous sys-
tems.22 To determine the involvement of ERK pathway in cell
survival, we pretreated cultured neurons with ERK1/2 inhibitors,
U0126 or PD98059, 30 min before adding compound 12. As shown
in Figure 3, pre-treatment with U0126 (20 lM) or PD98059
(40 lM) abolished compound 12-mediated protection (Fig. 3). Cell
viability was significantly decreased from 100.2% to 71.9%
(U0126) and from 100.2% to 70.3% (PD98059). These results sug-
gest that ERK pathway is involved in compound 12-mediated pro-
tection of cultured cortical neurons against C2 ceramide-induced
cell death.

It has been shown previously that benzylindazole derivative
such as YC-1 had protective effects against sodium nitroprusside-
mediated apoptosis in vascular smooth muscle cells. YC-1 inhibited
cell apoptosis via a cGMP- and phosphatidylinositol 3-kinase-med-
iated inhibition on Bcl-2 down-regulation/cytochrome c release/
caspase-3 activation cascades.23 YC-1 also protected the white mat-
ter axons against damage by simulated ischemia.24 In rat astro-
cytes, YC-1 attenuated H2O2-induced decrease in cell viability in a
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dose-dependent way.19 This is the first study investigating possible
beneficial effect of benzylindazole analogs in cortical neurons. Our
results demonstrated that furopyrazole derivative of benzylindaz-
ole analogs (compounds 3, 6, 9 and 12) possessed neuroprotective
effects against cellular injury induced by C2 ceramide. Compounds
3, 6, 9 and 12 attenuated C2 ceramide-induced cell death in a dose-
dependent manner. The neuroprotective properties of compounds
9 and 12 may be useful in the treatment of neurodegenerative dis-
eases such as Alzheimer’s disease, Parkinson’s disease and stroke.
However, further studies are necessary to determine the exact
mechanism by which carbinol form of furopyrazole derivative con-
fers neuroprotection.
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