
PRELIMINARY COMMUNICATION

TRANSITION METAL IONS SIGNIFICANTLY DECREASE
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Transition metal ions significantly decrease phospholipase C activity degrading
phosphatidylinositol-4,5-bisphosphate in the brain cortex. A. ZAMBRZYCKA, M. CA-
KALA, M. KAMIÑSKA. Pol. J. Pharmacol., 2003, 55, 915–917.

Highly reactive transition metals, such as copper and iron play an obligatory role in
generating of reactive oxygen species (ROS). Many neurodegenerative diseases including
Alzheimer’s disease (AD) and Parkinson’s disease (PD) show increased accumulation of
these metals. Phosphoinositide metabolism is altered in neurodegenerative diseases. In
the present study, we examined the effect of CuSO� and FeCl� on phospholipase C (PLC)
activity degrading phosphatidylinositol-4,5-bisphosphate (PIP�) and phosphatidylinositol
(PI) in synaptic plasma membranes (SPM) from the rat brain cortex. We report that 25 �M
CuSO� and FeCl� decreased PIP�-PLC activity by 60% and 75%, respectively. However,
both compounds had no effect on PI-PLC activity. These data indicated that exclusively
PIP�-PLC is sensitive to transition metal ions. We suggest that chelators of these metals
may protect brain against alteration of phosphoinositide metabolism and might be benefi-
cial in the treatment of neurodegenerative diseases.
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Increased brain metal levels have been associ-
ated with normal aging and a variety of diseases,
including Alzheimer’s (AD) and Parkinson’s (PD)
diseases. Copper and iron have been found in amy-
loid plaques at � 0.4 and 1 mM concentration, re-

spectively [4]. These redox active metal ions play
an obligatory role in the formation of H!O! and re-
active oxygen species (ROS), such as superoxide
anion (O!

') and hydroxyl radical (HO() and in medi-
ating ROS-induced damage. Hydroxyl radical, pro-
duced when transition metals react with H!O! in
a “Fenton-type” reaction, is the most powerful oxi-
dizing species among several reactive-oxygen radi-
cals [1]. Through ROS formation and oxidation of
biomolecules, Cu!) and Fe*) may lead to cell dam-
age and necrotic or apoptotic cell death [6].

The phosphoinositide second messenger system
is a major signal transduction pathway in the brain.
There are three inositol-containing phospholipids
(phosphoinositides) in this system, phosphatidyl-
inositol (PI), phosphatidylinositol-4-monophosphate
(PIP), and phosphatidylinositol-4,5-bisphosphate
(PIP!). There is evidence that each of the three
phosphoinositides can be hydrolyzed by phospho-
lipase C (PLC). Degradation of PIP! generating the
intracellular second messengers: diacylglycerol
(DAG) and inositol(1,4,5)-trisphosphate (IP*) [5].
PLC� is the key enzyme in PIP! hydrolysis [2]. It is
well documented that phosphoinositide metabolism
is impaired in AD [3]. Our previous results indi-
cated that A� peptide significantly decreased PIP!

degradation by PLC and that neurotoxic fragment

916 Pol. J. Pharmacol., 2003, 55, 915–917

A. Zambrzycka, M. Cakala, M. Kamiñska

Ctx
Hipp

Cd

Pir

Ctx

Fig. 1. PLC� antisense probe hybridization to coronal sections
of the rat brain. Cd – caudate nucleus, Ctx – cerebral cortex,
Hipp – hippocampus, Pir – pyriform cortex (Bar = 5 mm)
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Fig. 2. The effect of FeCl� and CuSO� on PIP�-PLC and PI-PLC
activity in SPM from the rat brain cortex. SPM were preincu-
bated for 30 min at 37°C in the presence of FeCl� and CuSO� at
25 �M concentration or without these compounds (control).
Following the preincubation, PIP�-PLC and PI-PLC activity
was assayed. Each value is the mean ± SD from 3 experiments
carried out in triplicate. Statistically significant differences
were calculated based on paired Student’s t-test, * p < 0.05 com-
pared to the control



of A� peptide, A� 25-35, had no effect on PI hy-
drolysis [8].

In the present study, we investigated the distri-
bution of PLC� mRNA in the rat brain and the ef-
fect of copper and iron on PIP! and PI degradation
by PLC.

In situ hybridization was performed using of the
procedure of Young et al. [7]. PIP!- and PI-PLC ac-
tivities were assayed in synaptic plasma mem-
branes (SPM) from the rat brain cortex prepared as
described previously [8]. SPM were incubated in
the absence (control) and in the presence of 25 �M
CuSO+ and FeCl! for 30 min at 37°C. Then PIP!-PLC
and PI-PLC activity was assayed as described pre-
viously [8] with exogenous phosphatidyl[2-*H]ino-
sitol-4,5-bisphosphate (sp. act., 1.00 Ci/mmol) and
phosphatidyl[*H]inositol (sp. act., 16.3 Ci/mmol) as
substrates, respectively.

The results obtained by in situ hybridization in-
dicated that PLC� degrading PIP! is widespread in
the brain, mainly in the cerebral cortex and hippo-
campus (Fig. 1). Exposure of SPM to 25 �M FeCl!
and CuSO+ resulted in a 75% and 60% inhibition of
PIP!-PLC, respectively, but they had no effect on
PI-PLC activity (Fig. 2).

In this work, we report that copper and iron sig-
nificantly decreased PIP!-PLC activity and that
PI-PLC was not sensitive to these metals. These re-
sults corresponded with our previous data indi-
cating that exclusively PIP!-PLC was inhibited by
A� 25-35 and that this toxic fragment of A� had no
effect on PI-PLC activity [8]. Mechanism of iron
and copper action on PIP!-PLC is still unclear and
needs future investigation. However, on the basis
of data that copper and iron activated ROS forma-
tion, it is possible to suggest that free radicals may
be involved in PIP!-PLC inhibition evoked by
these metals. In summary, the data reported here
demonstrate that accumulation of transition metal
ions in neurodegenerative diseases may be respon-

sible for the alteration of PIP! derived lipid mes-
sengers formation and their function. We suggest
that specific copper and iron chelators could pro-
tect brain against Cu and Fe-evoked phosphoinosi-
tide metabolism alteration.
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