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The etiology of neuronal death in neurodegenerative diseases,
including Huntington's disease (HD) is still unknown. There could be a
complex interplay between altered energy metabolism, excitotoxicity
and oxidative stress. Excitotoxic striatal lesions induced by quinolinic
acid (QA), were used to test for the neuroprotective actions of nerve
growth factor (NGF) on striatal cholinergic and GABAergic neurons. QA
is an endogenous excitotoxin acting on N-methyl-D-aspartate (NMDA)
receptors, that leads to neurotoxic damage resembling the alterations
observed in HD. Unilateral administration of QA, in to the rat striatum in a
single dose of 150 nM/L was used as the model of Huntington's
disease. The second group was treated both with QA in the same dose
and NGF in a dose of 7x10-9 g. NGF was applied immediately before the
neurotoxin. The control group was treated with 0.154 mmol/L saline
solution likewise. The activity of acetylcholinesterase (AChE) was
increased in both the ipsi- and contralateral striatum, forebrain cortex,
hippocampus and basal forebrain of QA-treated animals. This was
prevented by NGF Some evidence suggests that interaction between
neurotrophin receptors and glutamatergic activity may play an
important role in plastic changes and synaptic reorganization of striatal
circuits after excitotoxic injury. Considering that NGF mediates their
activity across glutamatergic synapses, and, besides others, also has
antioxidative effects, the obtained results indicate its protective role
towards functional defects caused by QA.
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INTRODUCTION

Huntington's disease (HD) is an autosomal dominant neurodegenerative
disorder marked by selective striatal degeneration, motor dysfunction, and
cognitive deterioration with learning impairment, memory loss and dementia
(Hansson et al., 2001). Neuropsychiatric problems, including personality
changes, depression, and cognitive deficits, often precede the manifestation of
chorea by as much as ten years. Cognitive decline consists of spatial learning
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deficits, working memory and retrieval dysfunction, as well as obsessive behavior
(Behan et al., 1999).

The striatum, as a part of the basal ganglia and limbic system, has a very
important role in motor and behavior regulation (Mink, 1999). Besides the
striatum, the forebrain cortex, hippocampus and basal forebrain are also included
in the selectively vulnerable brain structures. Massive afferents from all areas of
the cortex and the thalamus are the most important source of excitatory amino
acids, whereas the intrinsic circuits provide the striatum with acetylcholine, GABA,
nitric oxide and adenosine (Popoli et al., 2002). All these neurotransmitter systems
interact with each other and with voltage-dependent conductances to regulate the
efficacy of synaptic transmission within this nucleus. The integrative action
exerted by striatal projection neurons on this converging information dictates the
final output of the striatum to the other basal ganglia structures.

Neurotoxicity of excitatory amino acids (EAA) contributes to the
pathogenesis of HD (Blundell et al., 2000). The N-methyl-D-aspartate (NMDA)
class of glutamate receptors is believed to play a prominent role in the
pathogenesis of CNS excitotoxicity (Tkac et al., 2001). 2,3 pyridine dicarboxylic
acid (quinolinic acid-QA) has recently drawn considerable attention as an
endogenous excitotoxic metabolite of l-tryptophan that mediates neuronal injury
through NMDA receptor activation and subsequent elevation of intracellular
calcium and oxidative stress (Harris et al., 1998). Our studies have indicated that
acute intrastriatal injections of the endogenous NMDA receptor agonist, QA, can
mimic some of the neuroanatomical and behavioral deficits of HD. Intrastriatal
injections of QA were used to test for neuroprotective actions of nerve growth
factor (NGF) on cholinergic neurons (Moroni, 1999).

NGF is a member of the neurotrophin family of proteins that can regulate
neuronal development, maintenance and recovery from injury (Jiang et al., 2001).
Additional effects of NGF stimulation include membrane ruffling, increased
intracellular Ca2+ levels, increased transcription of c-fos and c-jun, together with
increased phosphorylation of a number of intracellular proteins (Wu et al., 2001).

Acetylcholine is a modulatory central nervous system neurotransmitter
involved in diverse brain processes.

MATERIALS AND METHODS

The investigation was made on adult Wistar rats of both sexes and body
weight sabout 250 g. The animals were divided into three groups and kept in
macrolen cages (Erath, FRG) with free access to food and water. Average
microclimate conditions were as follows: room temperature 23±2 oC, air humidity
55±10%, 10-50 air exchanges per hour, and the light regime was a cycle of 12
hours from 7-19 hours. The animals were anesthetized by pentobarbital sodium
i.p. in a dose of 0.0405 g/kg b.w., and were placed in a stereotaxic frame.

Two groups of 8 animals received unilateral injection of QA (Aldrich
Chemical Company, Inc.) in a single dose of 250.7 mg dissolved in H2O (150
nM/L) using a stereotaxic instrument for small animals and coordinates for
striatum (8.4; 2.4; 5.0 mm). The second group was also treated with NGF (Sigma,
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Aldrich Chemie, Germany) immediately after the neurotoxin. The injected
intracerebral volume was 10x10-6 ml. The control group received the same volume
of 0,154 mmol/L saline solution and served as a sham-operated group.

All animals were sacrificed by decapitation 7 days after the treatment and
the brains immediately removed. Ipsi- and contralateral striatum, forebrain cortex,
hippocampus as well as basal forebrain from individual animals were quickly
isolated and homogenized in ice-cold buffer containing 0.25 mol sucrose, 0.1
mmol EDTA, 50 mmol K-Na phosphate buffer, pH=7.2. Homogenates were
centrifuged twice at 1580 g for 15 min at 4oC. The supernatant obtained by this
procedure was then frozen and stored at -70oC (Gurd et al., 1974).

The activity of acetylcholinesterase (AChE) was measured in the ipsi- and
contralateral striatum, forebrain cortex, hippocampus and basal forebrain. The
method is based the ability of AChE to degrade acetylthiocholine iodide into a
product which binds DTNB (5,5-dithiobis-2-nitrobenzoic acid) forming a yellow
compound. The extinction change is followed at a 3-5 minute interval at 412 nm
(Mi}i} and Petronijevi}, 2000).

The content of protein in the rat brain homogenates (ipsi- and contralateral
striatum, forebrain cortex, hippocampus and basal forebrain) was measured by
the method of Lowry et al. using bovine serum albumin (Sigma) as the standard
(Lowry et al., 1974).

All experiments were done with n=8. Data are expressed as means±SD.
Differences between groups were examined using Student's independent t-test.
Statistical significance was accepted at p<0.05.

RESULTS

The results presented in Figure 1. show the AChE activity (�mol acetyl
thiocholine/g prot.) in the ipsi- and contralateral striatum homogenates. QA
injection was followed by a significant increase in AChE production in the ipsi- and
contralateral striatum compared to the control animals (ipsilateral striatum = 6.6
±1.6; contralateral striatum=5.6±1.5). There was no statistically significant
difference in activity of acetylcholinesterase between each hemisphere, although
the injection site was in the ipsilateral striatum in all experimental groups. NGF
treatment before QA, very clearly maintained the lower levels of AChE in this brain
structure compared to the QA-treated group (ipsilateral striatum = 28.3±4.0;
contralateral striatum =134.1±19.5).

The effect of different intrastriatal drugs on the activity of AChE in forebrain
cortex is shown in Figure 2. After QA, AChE activity in the ipsi- and contralateral
forebrain cortex showed a significant increases compared to control animals
(ipsilateral forebrain cortex=5.9±1.8; contralateral forebrain cortex =4.9±1.1).
The AChE activity remained low in the ipsi- and contralateral forebrain cortex in
NGF+QA treated animals compared with the QA-treated group (ipsilateral
forebrain cortex = 56.0±10.1; contralateral forebrain cortex = 37.0±10.7). There
was no statistically significant difference in the activity of AChE between each
hemisphere.
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The effect of different intrastriatal drugs on AChE activity in the
hippocampus is shown in Figure 3. In the QA-treated group the activity of AChE
was significantly increased compared to control animals (ipsilateral hippocampus
= 8.2±1.1; contralateral hippocampus = 6.2 ± 1.8). NGF+QA showed
significantly lower AChE activity both in the ipsi- and contralateral sides compared
to QA-treated animals (ipsilateral hippocampus = 131.6±16.4; contralateral
hippocampus=118.7±23.1). There was no statistically significant difference in
the activity of AChE between each hemisphere.

The results obtained (Figure 4.) showed that QA induced a significant
increase of AchE compared to the control group in the basal forebrain(ipsilateral
basal forebrain = 6.5±1.8; contralateral basal forebrain=9.0±1.8). AChE activity
was depleted in the ipsi- and contralateral basal forebrain of NGF+QA-treated
animals, compared to the QA-treated group (ipsilateral basal forebrain =
92.1±20.3; contralateral basal forebrain = 132.5±29.4). There was no statistically
significant difference in the activity of AChE between each hemisphere.

DISCUSSION

Long-lasting changes in the efficacy of excitatory transmission have been
proposed to represent the cellular basis of some forms of motor learning and are
altered in animal models of HD (Davies et al., 1999). During pathological
conditions, striatal synaptic transmission is altered depending on presynaptic
inhibition of transmitter release and the opposite membrane potential changes
occur in projection neurones and in cholinergic interneurones. These ionic
mechanisms might partially explain the selective neuronal vulnerability in the
striatum during HD (Nakamura et al., 1999). In the ipsi- and contralateral striatum
of NGF-treated animals, we demonstrated low activity of AChE (Fig. 1).

AChE, a biochemical marker for cholinergic neurons, is secreted from
various brain regions and may have alternative, non-cholinergic functions, one of
which could be in development. Endogenous acetylcholine (ACh) exerts complex
modulation of striatal synaptic transmission, which produces both short-term and
long-term effects (Martinez et al., 1998). ACh-mediated mechanisms might be of
crucial importance in processing the cortical inputs to the striatum (Guzowski et
al., 1997).

One of the most prominent cholinergic deficits after application of NGF is the
reduced number of nicotinic ACh receptors in the cortex and hippocampus. This
deficit results in reduced nicotinic cholinergic excitation which may not only impair
postsynaptic depolarization but also presynaptic neurotransmitter release and
Ca2+-dependent intracellular signaling, including transcriptional activity (Canals
et al., 1999). Our results indicate low AChE activity of the ipsi- and contralateral
forebrain cortex and hippocampus in NGF-treated rats (Fig. 2, 3). Although NGF
mRNA is widely distributed throughout the brain, levels are highest in the
hippocampus and neocortex, target areas of basal forebrain cholinergic neurons.
Unilateral striatal injections were found to lead to increases in the AChE activity of
the ipsi- and contralateral basal forebrain (Fig. 4). It is postulated that both the trkA
and p75 receptors are transported anterogradely to the target regions of the basal
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forebrain and upon binding to the high-affinity receptor, NGF is retrogradely
transported as a ligand/receptor complex to perikarya of BFCN, where NGF
provides trophic support. It has been hypothesised that a NGF-trkA receptor
complex (or NGF-trkA-p75 receptor complex) is transported to the neuronal cell
body and that the activated trkA receptor initiates signal transduction
mechanisms that results in the induction of trophic functions (Lee et al., 1998).
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Figure 2. Activity of AChE in the ipsi- and contralateral forebrain cortex of QA- and NGF-
treated Wistar rats. (Cxi, Cxc = forebrain cortex ipsi-, contralateral). Values are
given as micromol acetyl tiocholine/g prot. Mean ± S.D. * - Significance to corre-
sponding values of QA-treated group. (Student's t-test, p<0.05).

Figure 1. Activity of AChE in the ipsi- and contralateral striatum of QA- and NGF-treated
Wistar rats. (Si, Sc = striatum ipsi-, contralateral). Values are given as micromol
acetyl tiocholine/g prot. Mean ± S.D. * - Significance to corresponding values of
QA-treated group. (Student's t-test, p<0.05).
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Basal forebrain atrophy in HD may be due to a deficit in the NGF
responsiveness of magnocellular cholinergic neurons that project to the cortex
and hippocampus. A marked reduction in the density of NGF receptors was
observed in the caudate nucleus, putamen, ventral striatum, nucleus basalis and
tegmental nucleus in HD patients. NGF-receptor gene expression is selectively
reduced within degenerating basal forebrain neuronal populations in HD (Francis
et al., 2000).
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Figure 4. Activity of AChE in the ipsi- and contralateral basal forebrain of QA- and NGF-
treated Wistar rats. (BFi, BFc = basal forebrain ipsi-, contralateral). Values are
given as micromol acetyl tiocholine/g prot. Mean ± S.D. * - Significance to corre-
sponding values of QA-treated group. (Student's t-test, p<0.05).

Figure 3. Activity of AChE in the ipsi- and contralateral hippocampus of QA- and NGF-
treated Wistar rats. (Hi, Hc = hippocampus ipsi-, contralateral). Values are given
as micromol acetyl tiocholine/g prot. Mean ± S.D. * - Significance to correspond-
ing values of QA-treated group. (Student's t-test, p<0.05).
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CONCLUSIONS

Immature neurons have mechanisms in place that ordinarily lead to cell
death unless suppressed by NGF. A possible interpretation of these experiments
is that neuronal death in response to deprivation of trophic factor is an active
process carried out by a "suicide-program" within the cell. Interaction between
neurotrophin receptors and glutamatergic activity may play an important role for
plastic changes and synaptic reorganization of striatal circuits after excitotoxic
injury (Jain, 2000). Considering that NGF mediates their activity across
glutamatergic synapses and also has antioxidative effects, the obtained results
indicate a protective role towards functional defects caused by QA.
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NERVNI FAKTOR RASTA SPRE^AVA EKSCITOTOKSI^OST HOLINERGI^KIH
NEURONA IZAZVANU HINOLINSKOM KISELINOM KOD WISTAR PACOVA

VASILJEVI] IVANA, JOVANOVI] MARINA, ^OLI] M, MI[I] D, NINKOVI] MILICA i
MALI^EVIC @

SADR@AJ

Ta~na etiologija selektivnog umiranja neurona u neurodegenerativnim
bolestima, uklju~uju}i i Hantingtonovu bolest (HB), jo{ uvek je nepoznata. Postoji
mogu}nost da je to kompleks izme|u izmenjenog energetskog metabolizma,
ekscitotoksi~nosti i oksidativnog stresa. Ekscitotoksi~no o{te}enje strijatuma
indukovano hinolinskom kiselinom (HK) kori{}eno je za odre|ivanje
neuroprotektivnog dejstva nervnog fatora rasta (NGF) na holinergi~ke i
GABAergi~ke neurone strijatuma. HK je endogeni ekscitotoksin koji deluje preko
N-metil-D-aspartatnih receptora i uzrokuje neurotoksi~no o{te}enje neurona koje

112 Acta Veterinaria (Beograd), Vol. 54. No. 2-3, 105-113, 2004.
Vasiljevi} Ivana et al. Nerve growth factor protects cholinergic neurons

against quinolinic acid induced excitotoxicity in Wistar rats



odgovara promenama opisanim u HB. Unilateralna aplikacija HK u strijatum
pacova u pojedina~noj dozi od 150 nM/L, kori{}ena je kao eksperimentalni model
HB. Druga grupa `ivotinja tretirana je HK u istoj dozi i NGF-om u dozi od 7x10-9 g.
NGF je aplikovan odmah nakon neurotoksina. Kontrolna grupa primila je 0.154
mmol/L fiziolo{kog rastvora natrijum hlorida na isti na~in. Aktivnost acetilholin
esteraze (AChE) zna~ajno je pove}ana, kako u ipsi-, tako i u kontralateralnom
strijatumu, kori prednjeg mozga, hipokampusu i bazalnom prednjem mozgu HK-
tretiranih `ivotinja. Postoje podaci da interakcija izme|u neurotrofi~kih receptora i
glutamatergi~ke aktivnosti mo`e imati veoma va`nu ulogu u plasti~nim
promenama i sinapti~koj reorganizaciji strijatnih krugova nakon ekscitotoksi~nog
o{te}enja. Pored sposobnosti da moduli{e aktivnosti koje se ostvaruju preko
glutamatergi~ke sinapse, NGF ima i antioksidativne efekte, te na{i rezultati
pokazuju njegovu protektivnu ulogu na funkcionalne defekte uzrokovane HK.
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