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It is suggested that the fibrillar amyloid beta peptide (A�) in brain plays a direct role

in neurodegeneration in Alzheimer’s disease, probably through activation of reactive

oxygen species formation. Free radicals and numerous neurotoxins elicit DNA dam-

age that subsequently activates poly(ADP-ribose) polymerase (PARP, EC 2.4.2.30). In

this study the effect of neurotoxic fragment (25–35) of full length A� peptide on PARP

activity in adult and aged rat hippocampus was investigated. In adult (4 month old) rat

hippocampus the A� 25–35 peptide significantly enhanced PARP activity by about

80% but had no effect on PARP activity in cerebral cortex and in hippocampus from

aged (24–27 month old) rats. The effect of A� peptide was reduced by half by the nitric

oxide synthase inhibitor N-nitro-L-arginine. Stimulation of glutamate receptor(s) it-

self enhanced PARP activity by about 80% in adult hippocampus. However, A� 25–35

did not exert any additional stimulatory effect. These results indicate that A�, through

NO and probably other free radicals, induces activation of DNA bound PARP activity

exclusively in adult but not in aged hippocampus.

The neuronal deposition of amyloid beta

peptides (A�) and neurofibrillary tangle for-

mation are characteristic pathological fea-

tures of Alzheimer’s disease (AD). However, a

fundamental question is whether the deposi-

tion of amyloid � peptides in brain plays a di-

rect role in neurodegeneration and cell death.

The hippocampal neurones are particularly

sensitive to various types of neurotoxic agents

including A� peptides. Moreover, neuronal

degeneration in the hippocampus may con-

tribute to the memory deficit observed in old

people with dementia and AD. Alterations of

membrane during aging and induced forma-
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tion of free radicals may accelerate A� aggre-

gation and its toxicity. Intensive studies car-

ried out during the last decade point to the in-

volvement of A� in neurodegenerative pro-

cesses. Neurotoxicity of the fibrillar form of

A� was observed in vitro [1–8]. Recently,

Geula et al. [9] showed that microinjection of

fibrillar A� into the aged rhesus monkey cere-

bral cortex caused neuronal loss, tau protein

phosphorylation and microglia proliferation.

These results [9] suggest that A� neuro-

toxicity in vivo is a pathological response of

the aging brain, pronounced mainly in higher

order primates. Recent studies indicate that

oxidative stress and free radicals, evoked by

amyloid � peptides, are mainly responsible for

the neurodegeneration and cell death

[10–12].

Massive DNA damage evokes extensive stim-

ulation of DNA bound poly(ADP-ribose) poly-

merase activity (PARP, EC 2.4.2.30) that can

transfer up to 200 ADP-ribose groups from

NAD to histones and other proteins. This ex-

tensive PARP stimulation is strongly corre-

lated with NAD and ATP depletion and cell

death. However, under physiological condi-

tion, this evolutionary conserved enzyme is in-

volved in DNA repair and genome stability.

Up till now controversial data exist on PARP

activity and its level during aging [13–15].

Moreover, the effect of amyloid beta peptides

on PARP activity in hippocampus as com-

pared to cerebral cortex has not been deter-

mined until now. The aim of our studies was

to investigate the mechanism of the amyloid

beta dependent alteration of PARP activity in

rat hippocampus from adult and aged brain.

MATERIALS AND METHODS

Wistar rats 4 months old (adult), and 24–27

months old (aged), supplied by Medical Re-

search Centre Animal Breeding House, were

used for the experiments. [Adenine-
14C]NAD

sp. activity: 26 mCi/mmol was obtained from

Amersham (Buckinghamshire, England).

N-Methyl-D-aspartic acid (NMDA), N-ni-

tro-L-arginine (NNLA), amyloid beta peptide

25–35 fragment and all other reagents were

obtained from Sigma (St. Louis, MO, U.S.A.).

Preparation of amyloid beta peptide

25–35. Peptides were stored in lyophilized

form. Stock solutions were prepared by dis-

solving the peptide at a concentration of 2.5

mM in sterile double-distilled water (vehicle).

Then A� was used immediately in the

non-aggregated form or incubated for 7 days

at room temperature to obtain its aggrega-

tion. The presence of aggregated A� was as-

sessed by light microscopy. Distribution of

structural forms of A� was evaluated by circu-

lar dichroism (CD).

Circular dichroism spectroscopy. CD

measurements were carried out with a

CD62DS spectrometer equipped with a com-

puterized data processor. Peptide samples

were diluted to 25 �M in double distilled wa-

ter. Samples were read at room temperature

in a 0.5 cm pathlength quartz cell. Measure-

ments were taken over a 190 to 250 nm wave-

length range at 5 nm increments.

Preparation of brain slices and ho-

mogenate. Hippocampus and cerebral cor-

tex were isolated and then cut at 0.35 mm in-

tervals in both the sagittal and coronal planes

using McIlwain tissue chopper. The slices

were dispersed in 15 ml of Krebs-Henseleit

buffer, pH 7.4, containing: 124 mM NaCl, 5

mM KCl, 26 mM NaHCO3, 1.24 mM

NaH2PO4, 2.4 mM CaCl2, and 10 mM glucose,

and centrifuged at 1100 � g for 15 min. The

pellet was resuspended in the same buffer

continuously gassed with 95% O2/5% CO2.

Then the slices were preincubated for 90 min

at 37�C, in the absence of Ca2+ ions, for meta-

bolic equilibration as described previously

[16] and were then incubated with the agonist

of glutamate receptor NMDA over the concen-

tration range 1–100 �M in the presence of

10 �M glycine and 2.0 mM CaCl2, or in the

presence of nitric oxide synthase inhibitor,

N-nitro-L-arginine (100 �M) for 15 min at

37�C. In other experiments the slices were in-
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cubated for 20 min or 60 min, in the presence

of 2 mM CaCl2 with either the non-aggregated

or aggregated form of A� peptide 25–35 over

the concentration range of 1–25 �M. After in-

cubation the slices were homogenised and

used for determination of PARP activity or of

thiobarbituric acid reactive substances

(TBARS).

Determination of PARP activity. The

PARP activity was determined using [ade-

nine-14C]NAD as a substrate. The incubation

mixture in a final volume of 100 �l contained:

200 �M [14C]NAD 2 � 105 d.p.m., 100 mM

Tris/HCl buffer, pH 8.0, 10 mM MgCl2, 1 mM

dithiothreitol (DTT), 50 �M 4-amidinophenyl-

methane-sulfonyl fluoride (p-APMSF) and 200

�g of protein. The mixture was incubated for 5

min at 37�C, then the reaction was stopped by

adding 0.8 ml of ice-cold 25% trichloroacetic

acid. Precipitates were collected on Whatman

GF/B filters and washed 3 times with the 5%

acid. The radioactivity was determined using

LKB Wallac 1409 scintillation counter.

Determination of thiobarbituric acid re-

active substances. Thiobarbituric acid reac-

tive substances including malondialdehyde,

the last product of lipid peroxidation, were de-

termined according to Asakawa & Matsushita

[17]. The hippocampal slices were preincu-

bated for 90 min at 37�C and then were incu-

bated for 20 or 60 min with or without 25 �M

A�. Then the slices were homogenized in ice

cold 10 mM Tris/HCl buffer, pH 7.4. The

homogenates were resuspended in 10 mM

Tris/HCl buffer, pH 7.4, at protein concentra-

tions of approximately 0.5 mg/ml and were in-

cubated for 5 min. After incubation 1 ml of

30% trichloroacetic acid, 0.1 ml of 5 M HCl

and 0.75% thiobarbituric acid were added. The

tubes were capped and the mixture was

heated at 100�C for 15 min in a boiling water

bath. After centrifugation the absorbance of

the supernatant was determined at 535 nm

against the reagent blank.

The research project was accepted by the In-

stitutional Ethics Committee.

RESULTS

The agonist of glutamate receptor (NMDA)

at 100 �M concentration enhanced PARP ac-

tivity by about 80% in adult rat hippocampus

but not in aged hippocampus and cerebral cor-

tex (Fig. 1). This NMDA-evoked stimulation of

PARP activity was decreased by the inhibitor

of NO synthase, N-nitro-L-arginine (NNLA)

(Fig. 1). NMDA at lower concentrations (1 �M

or 10 �M) had an insignificant stimulatory ef-

fect on PARP activity. In the experimental

condition, activation of glutamatergic recep-

tor by NMDA (100 �M) did not stimulate lipid

peroxidation processes determined as TBARS

(not shown). For the determination of the ef-

fect of amyloid beta peptide on PARP activity,

the neurotoxic A� fragment 25–35 at 25 �M

final concentration was used. The fresh A� an-

alyzed by CD spectroscopy had mainly a ran-

dom coil structure. The aggregated form of

the peptide had a beta sheet structure. A�
peptide 25–35, exclusively in the aggregated

form, significantly stimulated PARP activity

in hippocampus slices from adult rats (4

months old) (Fig. 2), while free radical de-

pendent lipid peroxidation determined as

TBARS was unchanged (Table 1). In cerebral

cortex A� had no effect on PARP activity. The

amyloid beta peptide evoked PARP stimula-
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Table 1. Effect of A� peptide 25–35 on TBARS

concentration in rat hippocampus.

Hippocampal slices from 4 month old rats were

preincubated for 90 min at 37�C and then incubated for

20 or 60 min with or without 25 �M A� peptide 25–35.

TBARS were determined as described in Material and

Methods. The results are mean ± SEM from 3 experi-

ments carried out in triplicate.

Experimental condition TBARS
nmol/mg proteinTime (min) Addition of A�

0 – 0.83 ± 0.08

20 – 3.04 ± 0.26

20 + 2.59 ± 0.14

60 – 2.76 ± 0.18

60 + 2.77 ± 0.28
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Figure 1. Effect of NMDA on PARP activity in

adult and aged rat hippocampus (A) and cerebral

cortex (B).

Brain slices were preincubated for 90 min at 37�C. In

some experiments 100 �M NNLA was added for the

last 15 min of preincubation. Then the slices were incu-

bated separately with 100 �M NMDA or 1 mM gluta-

mate for 15 min at 37�C, homogenized and PARP activ-

ity was determined. Data are means ± SEM from 3–7

experiments carried out in triplicate. The data for cere-

bral cortex and for glutamate are means ± SEM from

one typical experiment carried out in triplicate. Statis-

tical significance was evaluated by Student t-test, **P

< 0.02 as compared to control, i.e. PARP activity in un-

stimulated conditions taken as 100.

Figure 2. Effect of aggregated and non-ag-

gregated A� peptide 25–35 on PARP activity in

adult and aged rat hippocampus (A) and cerebral

cortex (B).

Brain slices were preincubated for 90 min at 37�C then

were incubated (20 min, 37�C) with 25 �M A� (25–35).

In some experiments 100 �M NNLA was added for the

last 15 min of preincubation. Brain slices were homog-

enized and PARP activity was determined. Data are

means ± SEM from 3–5 experiments carried out in

triplicate. The data for cerebral cortex are means

±SEM from one typical experiment carried out in trip-

licate. Statistical significance was evaluated by Stu-

dent t-test, ***P < 0.001,
‡
P < 0.001 as compared to con-

trol, i.e. PARP activity in unstimulated conditions or



tion in adult hippocampus was significantly

decreased by NNLA (Fig. 2). In hippocampal

slices from aged brain (24–27 month old rats),

the A� peptide 25–35 had no effect on PARP

activity (Fig. 2) and did not exert any addi-

tional stimulatory effect on the NMDA recep-

tor which enhanced PARP activity in adult

hippocampus (not shown).

DISCUSSION

Our results indicate that the glutamate re-

ceptor agonist, NMDA enhanced PARP activ-

ity in hippocampal slices from adult rats.

However, NMDA had no effect on PARP activ-

ity in brain cortex and in aged hippocampus.

One of the reasons for these differences could

be a lower density of glutamate receptor(s) in

cerebral cortex and in aged hippocampus as

compared to adult hippocampus. It is possible

that the NMDA evoked PARP stimulation is

connected with DNA damage, that can not be

detected by the currently available methods

[18]. However, extensive stimulation of

NMDA may induce detectable DNA damage,

neurodegeneration and cell death. The role of

excessive stimulation of NMDA receptor in ce-

rebral ischemia is well known and docu-

mented [19, 20]. Nitric oxide synthase activity

is elevated after NMDA receptor stimulation

[21, 22]. Liberation of NO� and ONOO– can

lead to the impairment of membrane

phospholipids, mitochondrial proteins and

DNA [23–25]. It has been shown that DNA

damage after ischemic insults may activate

PARP [18, 26]. Zhang et al. [27] found that

PARP inhibitors blocked the NMDA and NO

mediated neurotoxicity. Moreover, there are

also suggestions that neurodegeneration

evoked by amyloid beta peptide may depend

on its influence on glutamate receptors [28,

29]. Our data showed that the neurotoxic amy-

loid beta fragment 25–35 enhanced PARP ac-

tivity in adult hippocampus. Significantly

lower PARP activity observed in aged hippo-

campus [30] may be responsible for the lack of

the effect of A� (25–35) on this enzyme. It is

worth noting that neurotoxicity of amyloid

beta peptide depends on its conformation and

aggregation state as well as on its final con-

centration and duration of the treatment [1,

31, 32]. Our results indicated that amyloid

beta peptide exclusively in aggregated form

had a stimulatory effect on PARP activity. Nu-

merous data showed a strong A� neuro-

toxicity both in in vitro and in vivo experi-

ments [1, 5, 31, 33–36]. However, other au-

thors reported that A� produced but a small

neurotoxic effect [4, 28, 30, 37, 38]. Our re-

sults suggest that glutamate receptor(s) may

be involved in A� evoked PARP activity. How-

ever, when amyloid peptide acted together

with NMDA the stimulatory effect of NMDA

on PARP activity was not increased in adult

hippocampus. Gray & Patel [39] showed that

amyloid beta did not alter the potency of gluta-

mate excitotoxicity in cultured neurones ex-

posed to A� peptide 25–35 together with glu-

tamate. We showed that the effect of A� pep-

tide on PARP activity in adult hippocampus

was decreased by the inhibitor of NO

synthase. This implies that A�, through NO�

and probably other free radicals, is involved in

activation of PARP in adult hippocampus.
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