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Novel Neuritogenic Activities of Pseurotin A
and Penicillic Acid

Sir:

Neurotrophic factors (NTF) are known to be essential
for the survival and functional maintenance of nerve cells
in the central and the peripheral nervous system* ~*. The
decrease in availability of NTF is considered to cause
dysfunction of the nervous system, resulting in various
neural diseases including senile dementia such as
ALZHEIMER’s disease. Compounds which regulate the
synthesis and secretion of neurotrophic factors might be
useful as pharmaceutical agents for treatment of various
neurodegencrative diseases involving dementia. In the
search for potential compounds which modulate nerve
growth factor (NGF) synthesis or mimic NGF (induce
cell differentiation), staurosporine®, lactacystin®, BU-
4514N® and epolactacne” have been isolated from
microbial culture broth. During the course of our
screening for microbial metabolites which induce cell
differentiation of PC12 cells, rat pheochromocytoma cell
line, pseurotin A® and penicillic acid® (Fig. 1) were
isolated. Although the structures of these compounds are
known, it is noteworthy report their biological properties
because of their potential usefulness. We report here
production, isolation and biological activities of these
compounds.

PC12 pheochromocytoma cell has been shown to be
a useful model cell for the study of adrenergic neuronal
differentiation*®. PC12 cells were cultured in DMEM
medium containing 10% fetal bovine serum and 10%
horse serum, in a humidified atmosphere of 5% CO, in
air at 37°C. The cells were inoculated into 96-well
collagen coated microtiter plate and pre-incubated for 1
day, then test samples were added to the cultures. After
2-days incubation, neurite-like structure inducing activi-
ties were monitored by microscopic observation. In this
assay, [-NGF showed strong neurite-like structure
inducing activity at concentrations above 50 ng/ml, and
induced multipolar and branching type of neurite (Fig.
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2B). Neurite formation in PC12 cells was also induced
by 100 ug/ml of dibutyryl cAMP and by 25 ug/ml of
forskolin, but these agents induced dipolar type of
neurite. Staurosporine (0.02 ug/ml) had a strong neurite
formation activity, but was toxic to the cell body.
Therefore, we selected the samples which induced
neurite-like structure similar to f-NGF and exhibited
low toxicity.

After screening of microbial culture filtrates, we
isolated pseurotin A and penicillic acid. For isolation of
pseurotin A, Diheterospora chlamydosporia NF-1150 was
cultured in media containing glucose 1%, sucrose 2%,
soy bean meal 2%, KH,PO, 0.1% and MgSO,-7H,0
0.05% for 4 days at 25°C on a rotary shaker. The active
principle was extracted from broth filtrate (7 liters) with
EtOAc and successively purified by silica gel column
chromatography (CHCl; - MeOH =20: 1) and Sephadex
LH-20 column chromatography (MeOH). UV, FAB-
MS, "H and 13C NMR data revealed that it was identical
to pseurotin A. It had already been recognized as a
metabolite of Pseudeurotium ovalis with an unusual
heterospirocyclic system*?. For isolation of penicillic
acid, Penicillium sp. FJ-256 was cultured in the same
media for 4 days at 25°C on a rotary shaker. The active
principle was successively purified by Diaion HP-20
column chromatography (50% aqueous MeOH) and
Sephadex LH-20 column chromatography (MeOH). UV,
FAB-MS, 'H and *C NMR data revealed that it was
identical to penicillic acid'?. It had been isolated as an
antibiotic substance produced by fungi.

Pseurotin A induced neurite-like structure in the

Fig. 1. Structures of pseurotin A and penicillic acid.
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Fig. 2. Morphological changes of PC12 cells treated with pseurotin A, penicillic acid and -NGF.
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The cells were cultured at 37°C in 5% CO, humidified atmosphere in DMEM medium containing 10% fetal bovine
serum and 10% horse serum on collagen coated microtiter plate.

Photograph were obtained after 2 days cultivation with or without agents. (A) control; (B) with 50 ng/ml of B-NGF;
(C) with 20 pg/ml of pseurotin A; (D) with 5 ug/ml of penicillic acid.
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morphology of PCI2 cells and 1ts neurite was multipolar
type like f-NGF. The control PC12 cells cultured without
drugs extended quite a few neurites. When the cells were
treated with pseurotin A at concentrations ranging from
0.4 to 25 ug/ml, many neurites were extended from the
cell bodies in a dose-dependent manner (Fig. 2C).
Pseurotin A significantly increased neurite outgrowth
both in number and length. At concentrations higher
than 30 ug/ml, pseurotin A exerted a cytotoxic effect. The
IC,, value of pseurotin A was 12 ug/ml in A2780 human
ovarian carcinoma cell.

On the other hand, the IC,, value of penicillic acid
was 1.5 ug/m! in A2780 human ovarian carcinoma cell.
Penicillic acid induced neurite-like structure in the
morphology of PCI2 cells but its neurite was dipolar
type like dibutyryl cAMP. When the cells were treated
with penicillic acid at concentrations ranging from 3 to
6 ug/ml, many neurites were extended from the cell bodies
(Fig. 2D). Penicillic acid was more toxic for PC12 cells
than pseurotin A.

Therefore, we think pseurotin A may be a useful tool
to investigate the mechanism of neurite formation of
neuronal cells. It may also possess neuroprotective
properties that are useful in the treatment of diseases
involving the dysfunction of the nervous system due
to deficiency of neurotrophic factor and was provide
an important lead for treating neuroblastoma. Interest-
ingly enough, lactacystin, BU-4514N, epolactaene and
pseurotin A have a related partial structure. All these
compounds possess a a-acyltetramic acid or f-hydroxy-
y-lactam moiety. We think penicillic acid also has a
similar partial structure. The structure-activity relation-
ships of these compounds may prove to be interesting in
terms of mechanism of action and will be described
elsewhere.
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