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COMMUNICATIONS TO THE EDITOR

Indocarbazostatin, a Novel Inhibitor of
NGF-induced Neurite Outgrowth from
Rat Pheochromocytoma PC12 Cells

Sir:

Neurotrophic factors are known to be essential for the
normal development and functional maintenance of nerve
cells. A decrease in availability of neurotrophic factors is
considered to cause dysfunction of the nervous system,
resulting in various nerve diseases such as Alzheimer’s"
and Parkinson’s? diseases and neuronal death induced by
brain ischemia.” Contrary to this, it was reported that
up-regulation of neurotrophic factors are observed in
patients with intractable temporal lobe epilepsy® and
after excitotoxicity in a rat model of Huntington’s
disease.” Therefore, both modulators, inducer and inhi-
bitor, for neurite outgrowth can be useful to treat patients
with nerve diseases. Although several modulators, includ-
ing KS-505a,” K252a,® staurosporine,” lactacystin,'”
epolactaene,!’ PD 098059,'” and AG879'® have been
discovered so far, there are delays in the practical
application as therapeutic drugs. Under these circumstance,
we started screening for natural substances that regulate
differentiation of rat pheochromocytoma PC12 cells.
During the course of the screening, an extremely potent
inhibitor of NGF-induced neurite outgrowth from PC12

Fig. 1. Structure of indocarbazostatin.

The stereochemistry represents relative configuration.
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cells, indocarbazostatin, was isolated from a culture broth
of a Streptomyces sp. (Fig. 1). The compound inhibited
NGF-induced neurite outgrowth from PC12 cells at 6 nMm,
which is approximately 33 times higher than that of
K252a' in our assay system. In this communication we
describe the screening, isolation, structure and biological
properties of indocarbazostatin.

PCI12 cells (purchased from RIKEN cell bank) were
seeded at 0.5X10%cells/ml in Dulbecco’s modified Eagle’s
medium supplemented with D-glucose, 10% fetal bovine
serum and 10% horse serum in a 96-well collagen-coated
plate, and were treated with test samples after 24 hours.
NGF at a final concentration of 50ng/ml was added 12
hours after sample addition. During a week, the cells were
observed under an inverted microscope. The culture
extracts and plant extracts which inhibited NGF-induced
neurite outgrowth from the cells, were selected. Among
4671 extracts, only one culture, Streptomyces sp. TA-0403,
was detected, and the isolation of the active substance was
followed by the bioassay.

The producing strain identified as Streptomyces sp.

Fig. 2. Purification procedure for indocarbazostatin.
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TA-0403 was cultivated in a 500-ml cylindrical flask
containing 70 ml of the medium (D-glucose 0.5%, soluble
starch 2%, NZ case 0.3%, yeast extracts 0.3%, fish meal
0.5%, CaCO, 0.2%, pH 6.5) at 30°C for 2 days on a rotary
shaker (200rpm). The seed culture was inoculated into
500-ml cylindrical flasks (500 flasks) containing 70ml of
the same medium, then cultured at 30°C for 3 days. The
purification procedure for indocabazostatin is outlined in
Fig. 2. The fermentation broth (35 liters) was centrifuged
and the mycelial cake was extracted with acetone. After
removal of acetone, the aqueous solution was extracted

with chloroform. The extracts were subjected to silica

gel column chromatography (n-hexane-acetone, 3:2)
and preparative HPLC (Mightysil RP-18, Kanto).
Indocarbazostatin was crystallized from acetone-benzene to
give 1.7 mg of a pale yellow powder.

It is soluble in acetone, CHCl;, MeOH and DMSO,
insoluble in H,O and n-hexane. The molecular formula of
indocarbazostatin was determined to be C,qH, N;0, from
the result of HR FAB-MS analysis (Found: m/z 512.1439
(M+H)*, Calcd: m/z 512.1458). The UV spectrum showed
absorption maxima at 236 (£ 4.1X10%, 283 (£ 2.3X10%,
290 (g 2.7X10%, and 326nm (g 4.0X10°) in MeOH.
The IR spectrum (KBr) of indocarbazostatin indicated

Table 1. '*C and 'H NMR assignments for indocarbazostatin (acetone-d;)™.

Position 13C 1H (multiplicity) J value (Hz)
1 110.5 7.85 (br d) 8.5

2 128.5 7.60 (ddd) 1.2,7.3,8.5
3 122.1 7.37 (ddd) 1.2,7.3,7.8
4 126.8 9.13 (br d) 7.8

4a 123.5 - -

4b 118 - -

4c ND¢ - -

5 ND - -

6 - 8.43 (br s)° -

7 ND - -

Ta ND - -

7b 118.1 - -

7Tc 126.2 - -

8 111.5 8.89 (d) 2.7

9 153.5 9.87 (br s)? -

10 117.5 7.09 (dd) 2.7, 9.0

11 114.7 7.50 (d) 9.0

11a 139.8 - -

12a ND - -

12b 129.6 - -

13a 135.2 . .

2 104.4 - -

2'-Me 23.5 2.35 (s) -

3 86.3 5.62 (br s)? -

4 45.2 2.90 (dd); 3.12 (dd) 4.1, 14,9; 7.6, 14.9
5 87.2 7.30 (dd) 4.1,7.6

1" ND - -

2" 63.5 3.57 (dq); 3.27 (dq) 10.7,7.1; 10.7, 7.1
3" 13.7 0.49 (t) 7.1

4100 MHz for 13CNMR and 400 MHz for 1H NMR.

b Exchangeable protons (-NH or -OH).
¢ Not detected.
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absorption at 3220, 2980, 1750, 1734, 1700, 1640, 1210
and 960cm™'. Both UV and IR spectra suggested that
the compound possesses a hetero-atom substituted
indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H )-dione system
as a chromophore.”” ™" The 'H NMR data in acetone-d, of
indocarbazostatin, which was compared with the reported
data'® of K252a, are summarized in Table 1. 'H NMR, *C
NMR, 'H-'H COSY, pulse field gradient HMBC, pulse
field gradient HMQC spectra revealed the presence of a
hydroxy group at the 9 position of the chromophore and
a sugar moiety. A quaternary carbon (. 129.6 ppm) could
be connected to the sugar moiety through the hetero
atom. Observation of a NOE between the methyl proton
(6;; 2.35 ppm) and the aromatic proton (d, 1H, &, 7.50
ppm) indicated that the 2'-carbon is bonded to N-12 and 5’
to N-13. The 'H NMR spectrum of indocarbazostatin
showed a methyl proton signal at unusually high magnetic
field (3"-H, t, 3H, &y 0.33ppm in CDCl; and 8§, 0.49
ppm in acetone-d;) due to the anisotropic effect of the
chromophore. The relative configuration of the sugar
moiety was deduced by MM2 and MOPAC calculations
of the
conformation was similar to that of the ORTEP drawing'®

indocarbazostatin molecule. The calculated
obtained from X-ray crystallography of K252a except for
the opposite configuration at the 3'-position, and the methyl
proton at the 3"-position existed in the shielding field
of the aromatic chromophore (Fig. 3). Thus, the relative
configuration of indocarbazostatin was determined as
shown in Fig. 1. Indocarbazostatin is a new member of
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indolocarbazole-type bioactive molecules.
inhibited NGF-induced
outgrowth from PCI12 cells at 6nM, whereas K252a

Indocarbazostatin neurite
inhibited at 200nM under our assay conditions (Fig. 4).
K252a showed cytotoxicity at a concentration three times
higher than the minimal effective concentration; however,
indocarbazostatin did not show obvious cytotoxicity to
PC12 cells at a concentration nine times higher than the

Fig. 3. A stable conformation of indocarbazostatin
deduced from MM2 and MOPAC calculation.

o 0.49ppm

The signs, @ and O, denote the shielding and
deshielding fields of the aromatic chromophore,
respectively.

Fig. 4. Morphological changes of PC12 cells treated with indocarbazostatin in the presence of NGF.

A, control; B, with 50 ng/ml of NGF; C, with 6 nM of indocarbazostatin in the presence of NGF.
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minimal effective concentration. The IC;, values for protein
kinase C from rat brain were; indocarbazostatin 2.0 nMm and
K-252a 35.0 nM in our assay system.

The isolation and structure elucidation of a minor

component, detailed studies on biological and biochemical

activities including inhibitory activity against #k kinase,”®

and the mechanism of action of indocarbazostatin are in

progress.
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