Effects of the local injection of 6-OHDA on the density of BDZ
and p opioid receptors of the substantia nigra pars compacta
and pedunculopontine nucleus of rats

= Lisette Blanco', Luisa L Rocha?, Lourdes del C Lorigados!, Nancy Pavén',
Lysis Martinez', Vivian Blanco®, Yovani Coro-Grave', Leticia Neri?

'Centro Internacional de Restauracién Neurolégica (CIREN)

Ave.25 No. 15805 e/ 158 y 160, Playa, Ciudad de La Habana, Cuba
E-mail: lisette.blanco@infomed.sld.cu

“Centro de Investigaciones y Estudios Avanzados del Instituto Politécnico

Superior México (CINVESTAV), Unidad Sur
®*Hospital Clinico Quirdrgico “ 10 de Octubre”, Ciudad de La Habana, Cuba

ABSTRACT

Although there is evidence suggesting a relationship between Parkinsonism and modifications to gabaergic and
opioid activity in basal ganglia and related structures, the published results are not conclusive, and the molecular
mechanisms underlying these changes remain unknown. Here we study the changes in population density of
benzodiazepine (BDZ) and mu (N opioid receptors in an animal model of Parkinsonism induced by the intracerebral
administration of 6-hydroxydopamine in Wistar rats, using three experimental groups (untreated, treated with 6-
OHDA, and treated with saline). One month after inducing lesions on the substantia nigra pars compacta (SNc) all
rats were slaughtered by decapitation and frozen coronal sections of the samples, representative of the SNc and
the pedunculopontine nucleus (PPN), were obtained and studied by autoradiography for BDZ receptors (using 3H-
flunitrazepam) or for u opioid receptors (using 3H-DAMGO). The optical density (OD) was measured in SNc and
PPN of both hemispheres, using the OD readings of the tritium standards to determine tissue radioactivity values
for the accompanying tissue sections and to convert them to fmol/mg protein. The density of BDZ receptors showed
statistically significant variations among the experimental groups, being down-regulated both in the SNc (p <
0.001) and PPN (p < 0.001), ipsilateral to the site of the 6-OHDA injection. On the other hand, whereas the density
of u opioid receptors showed statistically significant variations in the PPN (p < 0.01), being ipsilaterally down-
regulated in the animals receiving 6-OHDA injections, there was no such variation (p > 0.05) in the SNc. The
results prove that there are changes in the density of BDZ and u opioid receptors in the SNc and the PPN upon
intracerebral administration of 6-OHDA, which may constitute one of the steps of the sequence of molecular and
neurochemical events underlying the imbalance between “direct” and “indirect” pathways of basal ganglia which is
typically seen in Parkinsonism. Additionally, these results underscore the importance of the mesopontine tegmen-
tum in the physiopathology of Parkinson’s disease.

Keywords: SNc, NPP, BDZ receptors, m opioid receptors, 6-OHDA

Biotecnologia Aplicada 2006,23:218-223

RESUMEN

Cambios en la densidad de receptores a benzodiacepinas y m opioides en la substantia nigra pars
compacta y el nicleo pedunculopontino de ratas, por inyeccion local de 6-hidroxidopamina. Existen evidencias
de las modificaciones en la actividad gabaérgica y opioide en los ganglios basales y en otras estructuras relacionadas
con estos, asociadas al parkinsonismo; pero los resultados informados no son concluyentes y ain no se conocen las
bases moleculares que subyacen en estos cambios. Estudiar los cambios en la densidad de receptores
benzodiacepinicos (BDZ) y mu (n) opioides en el modelo de enfermedad de Parkinson inducido por la administracion
intracerebral de 6-hidroxidopamina (6-OHDA), en ratas. Se organizaron tres grupos de ratas Wistar: sanas, lesionadas
con 6- hidroxidopamina y falsas lesionadas. Un mes después de la lesion de la substantia migra pars compacta
(SNc) se sacrificaron todas las ratas por decapitaciéon. Se obtuvieron cortes coronales representativos de SNc y del
nucleo pedunculopontino (NPP), en los cuales se practicé la técnica de autorradiografia para receptores BDZ (con el
empleo de *H-flunitracepam) y para receptores u opioides (con el empleo de *H-DAMGO). Se realizé la lectura de
la densidad éptica (DO) en SNc y NPP de ambos hemisferios, la cual se convirtié en fmol/mg de tejido sobre la
base de los valores obtenidos en los estdndares de tritio. La densidad de receptores BDZ mostré diferencias
significativas, desde el punto de vista estadistico, entre los grupos experimentales. Esta variable disminuyé tanto en
la SNc (p < 0.001) como en el NPP (p < 0.001) ipsilateral a la inyeccién de 6-OHDA. La densidad de receptores u
opioides en la SNc no exhibié diferencias significativas (p > 0.05) entre los grupos experimentales. Esta variable
mostré una disminucién estadisticamente significativa en el NPP ipsilateral a la inyeccion de 6-OHDA (p < 0.01).
De acuerdo con los resultados, existen cambios en la densidad de receptores BDZ y i opioides en la SNc y el NPP
asociados con la administracion intracerebral de 6-OHDA. Estos cambios pudieran representar un eslabén en la
cadena de eventos moleculares y neuroquimicos que caracterizan el desbalance entre las dos vias de proyeccién,
las cuales conducen la informacién motora, desde la corteza motora pasando por los nucleos que conforman los
ganglios basales, el talamo y el regreso a la corteza motora en condiciones de parkinsonismo.
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Introduction

Most neurochemical studies carried out on experimen-
tal models of Parkinson’ sdisease (PD) havefocused on
the dopaminergic system [1, 2]. The study of other
neurotransmitters, such as amino acids and opioid
peptides, haslargely depended on experimental designs
centered on the determination of the effect of
dopaminergic drugs on these molecules [3-6].
Additionally, although the popul ations of dopaminergic
receptors have been extensively studied in models of
Parkinsonism, less is known about the behavior of
receptors for other neurotransmittersin PD.

The GABA receptors are part of a macromolecular
complex known as the benzodiazepine (BDZ) receptor,
which includes a selective chloride channel and binding
sitesfor different molecules, including benzodiazepines
[7, 8]. Benzodiazepinic drugsact by improving gabaergic
transmissions through an increase in the opening
frequency of the chloride channel and, consequently, a
decrease in neuronal excitability [7, 9, 10].

A number of evidences suggest that the chronic
stimulation of dopaminergic receptors results in an
increased regulation of the GABAA/ BDZ complex
[11], and this mechanism has been postulated to be
involved in the dyskinesias induced by L-DOPA in
the experimental primate models of Parkinsonism, but
not in humans[11]. Similarly, dopamineisthought to
modulate the activity of the GABAA / BDZ receptor
complex, mainly in the striatum [9].

On the other hand, there are reportsin the literature
on changesin the peptidergic neurotransmission of basal
ganglia related to nigral degeneration [12]. Many
neuropeptides |ocalize the circuits of basal ganglia[13-
15]. The “direct pathway” of the motor circuits co-
expresses, together with g-aminobutyricacid (GABA),
peptides such as substance P and dynorphins, whereas
the “indirect pathway” co-expresses GABA and
enkephalins [16, 17]. From the point of view of their
anatomical localization, themu (n), delta(d) andkappa
(k) opioid receptors are found in the substantia nigra
pars compacta (SNc), the Globus pallidus (GP), the
striatumand the cortex [16, 18]. The opioid antagonist
known as (-) naloxone is used as an anti-parkinsonian
drug, mainly for thetreatment of the dyskinesiasinduced
by L-DOPA [19, 20]. Similarly, studies on the
neuroprotective role of (-) naloxone have revealed that
this drug inhibits the production of superoxide anion
freeradicasin microglia, and thiseffect might attenuate
or slow down the progress of neurodegenerative
processes [21].

Currently, therole of the peduncul opontine nucleus
(PPN) on the physiopathology of PD is the subject
of some debate [22-25]. From a neurochemical point
of view, the PPN is regarded as a heterogeneous
structure [26]. This nucleus sends a cholinergic
projection, together with another, presumably
glutamatergic projection, to the SNc and the
subthalamic nucleus (STN) [24, 25]. Simultaneously,
the PPN receives dopaminergic, glutamatergic and
gabaergic afferences from the SNc [4, 27], the NST
[27-29] and the efferent structures of the basal ganglia,
substantia nigra pars reticulata (SNr) and internal
segment of the GP [29], respectively. The pontine
cellsexpress glutamatergic receptorsfor N-methyl D-
aspartate (NMDA) and a-amino-3-hydroxy-5-
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methylisoxazole-4-propionic acid (AMPA) [30],
cholinergic, muscarinic and nicotinic receptors, [31],
GABA . gabaergic receptors[32, 33], and receptorsto
different neurotrophins such as fibroblast-derived
growth factor [26].

The purpose of this paper is to study the changes
in density of mopioid and BDZ receptors in a rat
model of hemi-parkinsonism by the intracerebral
injection of 6-hydroxydopamine (6-OHDA).

Materials and methods

The animals used were adult male Wister rats, with a
weight range of 200 to 250 grams, obtained from the
Center for the Production of Laboratory Animals
(CENPALAB, La Habana, Cuba). Three animals were
kept per cage throughout the experiments, with acycle
of 12 hoursof light alternating with 12 hours of darkness,
and water and food ad libitum. The experimental work
respected and followed the Practical Guidelines for the
use of laboratory animals.

SNc lesions

Theratswere anesthetized by theintraperitoneal (i.p.)
administration of chloral hydrate at 420 mg/kg, after
which they were placed in astereotaxic surgery device
for rodents (David Kopf Instruments, U.S.A.). They
received a 3 L injection of a solution of 6-OHDA (8
po/3 pL of 0.9% physiological saline solution and 0.5
mg/mL ascorbic acid), at a rate of 1 pL/min, on the
right SNc, using thefollowing stereotactic coordinates,
according to the atlas of Paxinosand Watson [34]: AP
=-44mm;L=12mm;V =7.8mm.

One month after the SNc lesion, the rotatory
activity induced by D-amphetamine (5 mg/kg, i.p.)
was analyzed. This variable was studied for 90 min.,
using an electronic multicounter (LE 3806, PanLab,
Barcelona, Spain), coupled to sensors to detect the
direction of rotation (LE 902, PanLab, Barcelona,
Spain). The study only included animals displaying
more than 7 turns per minute, which correspondsto a
dopaminergic denervation equal to or higher than 90%
[35, 36]. A control group of «mock-injured» animals
was produced by administering physiological saline
solution (0.9% NaCl) under the same conditions.

The animals were distributed in three experimental
groups: healthy rats (n = 9), rats with SNc lesions (n
=7) and rats with mock SNc lesions (n = 5).

Upon concluding the study of rotatory activity,
the rats were anesthetized by the i.p. administration
of a higher dose of chloral hydrate (480 mg/kg, i.p.)
and slaughtered by decapitation. Brainswere extracted
and, after freezing in dry ice, they were stored at -80
oC until further processing.

For the autoradiography studies, a series of six
coronal sections (20 um) were obtained using the
coordinates of the SNc and the PPN. The SNc first
appeared on the anteroposterior coordinate -4.3 and
disappeared on coordinate -6.8; and the PPN first
appeared on the anteroposterior coordinate -7.3,
disappearing on coordinate -8.8.

Autoradiography for BDZ and u opioid
receptors

For the autoradiography experimentsfor the detection
of BDZ receptors, the cerebral sectionswereincubated
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for 45 min at 4 °C in a solution containing 2.08 nM of
3H-flunitrazepam (exogenous agonist for the site of
BDZ actionin the GABA, complex) in Tris-HCI 170
mM, pH 7.6 buffer, in the absence or presence of 1
MM diazepam. Receptor binding in the presence of
diazepam was considered as unspecific [38].

The autoradiographies for p opioid receptorswere
performed by prewashing the brain sections in a
solution of Tris 50 mM buffer for 30 min. at room
temperature, and then incubating for 60 min. at 250C
in a solution containing 2 nM [*HTyr-D-Ala-
(Nme)Phe-Gly-ol] (3H-DAMGO) (exogenous
agonist for p opioid receptors) in Tris HCl 50 mM
buffer, in the absence or presence of 2 UM naloxone
(competitive antagonist for opioid receptors). Re-
ceptor binding in the presence of this compound was
regarded as unspecific [39].

For both receptor popul ations, theincubationswere
finished by two successive washingsin Tris HCI 50
mM pH 7.5 (1 min. each) at 4 oC. Finally, the sections
wererinsed in distilled water for 2 sat 4°C and dried
with cold air.

Exposure and development of the sections

The sections were placed in lead cartridges for
autoradiography together with tritium standards, and
exposed to tritium-sengitive film (Kodak MR-2). The
cartridges were kept away from light, at room
temperature, for two weeks in the case of the BDZ
receptors and for 10 weeks for the 1 opioid receptors.
The films were development using the Kodak (D 11)
developer and high-speed fixer. The optical density
(OD) of the autoradiograms was measured using an
image analysis software application (JAVA, Janddl Vi-
deo Analysis Software). The OD readings from the
standards were used to determine radioactivity values
for the tissue in the adjacent sections. For each area
studied, aminimum of 10 OD readingsweretaken, in at
least 5 sections, and the mean was computed. Readings
were taken from both hemispheres for each structure
under study. The OD values were converted to
femtomoles per milligram of tissue, using the values
obtained from the tritium standards.

Data processing

Compliance of the data to a normal distribution was
checked with the Kolmogorov-Smirnov test. Recep-
tor density of the different experimental groups was
compared using a single classification analysis of
variance, followed by a separate Tukey test for each
structure and receptor. For groupsin which thedensity
of receptors of the structures was compared between
theleft and right brain hemispheres, a Student’ st-test
was used. All statistical tests used aminimal value of
0.05 for statistical significance.

Results

BDZ receptor density in the SNc

The comparison of the BDZ receptor density between
both brain hemi spheresreveal ed statistically significant
differencesfor the group of ratswith SNclesions (t =
5.50, p < 0.01), with a decreased value for this varia-
ble on theright SNc, ipsilateral to the site of injection
of 6-OHDA. The remaining groups did not have
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statistically significant differences for this variable
between both hemispheres (figures 1A and 2A).
When comparing the experimental groups, therewas
astatistically significant decrease of thisvariableinthe
group of ratswith SNc injuries (figures 1B and 2A).

BDZ receptor density in the PPN

The comparison of the BDZ receptor density between
both brain hemispheres revealed a statistically
significant decrease of thisvariableintheright PPN of
the rats with SNc lesions (t = 5.26, p < 0.01). There
were no statistically significant differences between
the brain hemispheres of the remaining experimental
groups (figures 1C and 2B).

The comparison between experimental groups for
BDZ receptor density inthe PPN revealed statistically
significant differences (F, 18 8.54, p < 0.001). These
differences were caused by a statistically important
decrease of thisvariablein the group of ratswith SNc
injuries, compared to the remaining control groups
(figures 1D and 2B).

Density of u opioid receptors

There were no statistically significant differences (p
> 0.05) for the density of p opioid receptors in the
SNc, whether comparing brain hemispheres or experi-
mental groups (figures 3A and 4A).

However, the same analysis performed in the PPN
showed astatistically significant decreasein thisvalue
when comparing both brain hemispheres, located in
the right PPN, ipsilateral to the site of the 6-OHDA
injection (t = 3.00, p < 0.05) (Figure 3B). In turn,
when comparing the experimental groupsit showed a
statistically significant decrease in the group of rats
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Figure. 1 Effect of the intracerebral injection of 6-hydroxydopamine (6-OHDA) on the density of
benzodiazepinic receptors in the substantia nigra pars compacta (SNc) and pedunculopontine nucleus
(PPN). A and C) Comparison between hemispheres (Student’s t-test); B and D) Comparison among

groups (single classification analysis of variance and Tukey test).

Legend: The presence of different letters atop the bars indicates statistically significant differences: a vs.

b (p < 0.05) and a vs. c (p < 0.001).
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Figure. 2 Autoradiograms for BDZ receptors in sequential coronal sections of: A) Substantia nigra pars compacta B) Pedunculopontine

Nucleus, on each of the experimental groups.

Legend: The arrows point to the zone chosen for the optical density readings in the right hemisphere for each structurebeen under

study. BDZ: benzodiazepinic receptors.

with SNcinjuries, in contrast with the control groups
(F,14 = 6.02, p < 0.01) (figures 3C and 4B).

Discussion

The gabaergic and peptidergic neurotransmission
systems have been extensively studied in experimen-
tal models of the addiction to psychotropic drugsand
other substances such as alcohol and opiates, as well
as in models of epilepsy [20, 40-44]. When these
systems have been studied in experimental models of
Parkinsonism, the analyses haveinvolved awide range
of invitro and in vivo experimental techniques, such
as histological studies [43], in situ hybridization for
measuring mMRNA expression levels [44] and
pharmacological manipulations using brain micro-
dialysis[47], among others.

BDZ receptor density

Although there are reports on the activity of the
gabaergic GABA. and GABA receptorsin the context
of Parkinsonism, there is very little information
available onthe changes of theBDZ site of the GABA.
receptor in experimental models for this disorder.

The present study shows the presence of changes
in the populations of BDZ gabaergic receptors which
are associated to nigral degeneration. These changes
suggest that there is a significant modification of
gabaergic neurotransmission in the 6-OHDA model.

The decrease in the values of this variable in the
SNc might be explained by the neurctoxicity of 6-
OHDA. Thenigral cellsreceive agabaergic projection
from the external segment of the GP[13, 14]. Sinceit
has been described that the GABA . gabaergic recep-
tor has a mainly post-synaptic localization [7], the
loss of nigral cells should have a sensible effect on the
presence of these receptor populations.

The decrease in density of the BDZ receptors in
the PPN ipsilateral to the 6-OHDA lesions suggests
that there are changesin gabagergic activity inthe PPN
under conditions of Parkinsonism. Although the PPN
islocated anatomically out side the basal ganglia, it is
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however highly connected to them through reciprocal
connectionsinvolving severa nuclei [22]. The PPN is
apoint of convergencefor projections of varying nature
and origin, including glutamatergic, gabaergic and
dopaminergic projections from the NST, SNr and/or
Gpi, and the SNc, respectively [26-29].

According to the currently accepted functional model
for basal ganglia[16, 48], during the parkinsonian status
there is an increase in gabaergic activity in the output
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Figure 3. Effect of the intracerebral injection of 6-hydroxydopamine (6-OHDA) on the density of u
opioid receptors in the substantia nigra pars compacta (SNc) and the pedunculopontine nucleus (PPN).
A and B) Comparison between hemispheres (Student’s t-test); C) Comparison between groups (single
classification analysis of variance and Tukey test). The different letters atop the bars indicate
statistically significant differences: a vs. b (p < 0.05) and a vs. ¢ (p < 0.01).
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Figure 4. Autoradiograms for u opioid receptors in coronal sections of: A) Substantia nigra pars compacta (SNc); B) Pedunculopontine

nucleus (NPP), for each one of the experimental groups.

Legend: The triangles and small rhombi indicate the zone chosen for the optical density readings in each structure.

nuclei of thebasal ganglia, asaresult of the hyperactivity
of theindirect pathway of themotor circuit [48, 49]. Itis
known that thereisasignificant increasein therelease of
GABA in the PPN of hemiparkinsonian rats [49].
Additionally, the decreasein the density of BDZ receptors
in the PPN ipsilateral to the 6-OHDA lesions further
supports the hypothesis that a compensatory
mechanism for adaptation to the increase in gabaergic
activity is established, which would be an expression of
the mechanisms of synaptic plasticity at thislevel [50].

Other authors have pointed out that the
microinjection of agonist drugs for GABAA
receptors, such as bicuculinein the PPN, attenuates
the akinesia and other parkinsonian symptoms in
models of Parkinsonism in non-human primates
based on the systemic administration of 1-methyl-
4-phenyl-1,2,3,6-tetrahydropiridine (MPTP) [51].
Bicuculine is a GABA, antagonist that decreases
the frequency and average time for the opening of
the chloride channel, which constitutes an integral
component of the GABAreceptor macromolecular
complex [7]. This drug competes with GABA for
oneor several receptor binding sites, and it hasbeen
postulated that one of these sites may be the BDZ
site of the GABAA receptor [7].

Other studies deal with the role of the BDZ
receptorsin the striatum, showing an increase of the
density of these receptor populationsin the putamen
of brains from deceased parkinsonian patients [52].
This finding underscores the relationship between
the degeneration of the nigrostriatal dopaminergic
route and the state of the populations of gabaergic
receptors [53].

The changesin density of the BDZ receptorsin the
PPN represent a link in the chain of molecular and
neurochemical events that characterize the unbalance
between the two projection routes for the passage of
motor information from the cortex, passing through the
nuclei inthe basal gangliaand thethalamus, and back to
the motor cortex, which istypical of Parkinsonism.

Density of u opioid receptors
This study failed to find any modifications in the
density of p opioid receptorsin the SNc which could

222

be attributed to a parkinsonian status. This may be
explained by the existence of a compensatory
mechanism in the dopaminergic cells surviving the
neurotoxic damage caused by theinjection of 6-OHDA.
These cells receive different excitatory projections
which modify their rate of synthesis and storage of
neurotransmitters, aswell asthe phosphorylation sta-
tus of their receptors [28, 36, 47]. In general, opioid
receptors have thistype of activity [15, 18], with the
net result of atendency toward normality, as observed
in thisinvestigation.

Theresults show that there was adiscrete decrease
in the density of p opioid receptors in the PPN
ipsilateral tothe 6-OHDA injection. Thisisespecially
significant, considering the fact that no peptidergic
afferences reaching the PPN have been described,
athough, on the other hand, the PPN has an important
representation of opioid receptors [26].

It is known that the interactions between opioid
peptides and their cognate receptors does not always
follow the classical synaptic pathway of the release
from a pre-synaptic terminal and binding to receptors
in post-synaptic terminals [15, 54]. It is aso known
that peptides can follow alternative transmission routes,
such asdiffusionto receptorslocated in structureswhich
do not necessarily receive the corresponding afferent
innervations [54]. These are some of the reasons why
the peptides are classified as neuromodulators, rather
than classical neurotransmitters[15].

The changes in density of the p receptors in the
PPN may have their origin in changesin the diffusion
of some of the endogenous peptides, such as &
endorphins, which constitute the best ligand for this
type of receptors [55]. However, taking into account
that the ligand:receptor ratio for opioid peptides is
not 1:1, it is possible that the changesin p receptor
density may also be due to other peptides [56].

The interaction of endogenous opioid peptides
(enkephalins, cephalins, dynorphins and b-endorphins)
with their respective receptors modulates a number of
intracellular activities: mitochondrial respiration, ionic
channel activity and synthesis of mediators of the
immune response, among others [57, 21]. It has been
pointed out that these peptides, alone, do not trigger

Biotecnologia Aplicada 2006; Vol.23, No.3

29. Bevan MD, Bolam JP. Cholinergic,
Gabaergic and Glutamate-Enriched
Inputs from the Mesopontine Tegmentum
to the Subthalamic Nucleus in the Rat. J
Neurosc 1995;15(11):7105-20.

30. Saponijc J, Radulovacki M, Carley
DW. Injection of glutamate into the
pedunculopontine tegmental nuclei of
anesthetized rat causes respiratory
dysrhythmia and alters EEG and EMG
power. Sleep Breath 2005;1:26-32.

31. Mamiya N, Buchaman R, Wallace T,
Skinner RD, Garcia Rill E. Nicotine suppress
the P13 auditory evoked potential by acting
on the pedunculopontine nucleus in the
rat. Exp Brain Res 2005;22(3):250-60.

32. Nandi D, Stein JF, Aziz TZ Exploration
of the role of the upper brainstem in mo-
tor control. Stereot Funct Neurosurg
2002;78(3):158-67.

33. Pal DY, Mallick BN. GABA in pedunculo-
pontine tegmentum regulates spontaneous
rapid eyes movement sleep by acting on
GABA, receptors in freely moving rats.
Neurosc Lett 2004;365(3):200-4.

34. Paxinos G, Watson C. The Rat Brain in
Stereotaxic Coordinates. Academic Press,
New York; 1998.

35. Ungestend U, Herrera-Marschitz M.
Behavioural pharmacology of dopamine
receptor mechanisms. En: Starne L, Hedqvist
P, Lagercrantz H, Wennmalm S (eds.).
Chemical neurotransmission, 75 years.
Nueva York: Ed. Academic Press 1981;481-94.

36. Zigmond M. Do Compensatory
Processes Underlie the Preclinical Phase
of Neurodegenerative Disease? Insights
from an Animal Model of Parkinsonism.
Neurobiol Diseas 1997;4:247-53.

37.CalonF, DiPaolo T. Levodopa responses
motor complications-GABA receptors and
preproenkephalin expresion in human
brain. Parkinsonisn and Related Disorders
2002;8:449-54.

38. Ondarza R, Trejo-Martinez D, Corona-
Amezcia R, Briones M, Rocha L. Evaluation
of opioid peptide and muscarinic receptors
in human epileptogenic neocortex: an
autoradiography study. Epilepsia 2002;5:
230-4.



Lisette Blanco et al.

Changes in BDZ and u opioid receptor population density in hemiparkinsonian rats

changes in membrane potential of the post-synaptic
neuron, but rather modulate the capacity of other
neurotransmitters to modify neuronal excitability,
thereby justifying their classification as neuro-
modulators [58].

There are significant changesin peptidergic activity
during Parkinsonism [12]. The studies using binding
assays have revealed marked regional differences
regarding the number of neuropeptide receptors found
in the brain of deceased parkinsonian patients, as
compared to healthy persons[12].

The interactions between the different receptors
are often established through the molecules
responsible for intracellular signaling, such as
protein G [59, 60]. Several types and subtypes of
protein G-coupled receptors form heterodimeric
complexes with this protein that then modul ate the
activity of other receptors of the family of ionic
channels or specific for kinase-type enzymes [59].

These interactions do take place between gabaergic
and opioid receptors, and have been studied in
models of epilepsy [61, 62].

Although finding a possible relation between the
changes in the populations of BDZ receptors and
those of p opioid receptors in the PPN of hemi-
parkinsonian ratsis not the objective of this study,
it is interesting to note that the modifications in
both receptors, in both cases, result in adecreasein
their density.

It has only been ten years since PPN was first
considered asakey factor for athorough understanding
of the physiopathology of PD. The changes in this
structure regarding the populations of | opioid and
BDZ receptors in the model of 6-OHDA confirm the
dysfunctional nature of these neurotransmission
systemsduring PD, providing evidence that underscore
the importance of the mesopontine segment in the
function of the basal ganglia

39. Leri F, Franklin KB. Diazepam modifies
the effect of pedunculopontine lesions on
morphine but not on amphetamine condi-
tioned place preference. Behav Brain Res
2000;117:21-7.

40. Del Rosario-Capriles, Pacchioni AM, Can-
cela LM. Influence of acute or repeated
restraint stress on morphine-induced loco-
motion: involvement of dopamine, opioid
and glutama-te receptors. Behav Brain Res
2002;134:229-38.

41. Corrigall WA, Coen KM, Zhamng J,
Adamson KL. GABA mechanisms in the pe-
dunculopontine tegmental nucleus influence
particular aspects of nicotine self-administration
selectively in the rat. Psychopharmacol 2001;
158:190-7.

42. Laviolette C, Van der Koy D. GABAu receptors
signal bi-directional reward transmission from
the ventral tegmental area to the tegmental
pedunculopontine nucleus as function of
opiate state. Europ JNeurosc2004,20:2179-89.

43. Rocha L. Microdialysis reveals changes in
extracellular opioid peptide levels in the
amygdala induced by amygdaloid kindling
stimulation. Exp Neurol 1994;126(2):277-83.

44. Rocha L, Gonzdlez-Trujano E, Jiménez G,
Gaona A, Ondarza R. Characterization of
benzodiacepine receptor binding in inmature
rat brain after kainic acid administration. Epi-
lepsia 2000;41(6):44-7.

45.Taylor MD, De Ceballos ML, Rose S, Jenner P,

Marsden D. Effects of a unilateral 6-OHDA lesion
and prolonged L-3, 4-dihydroxyphenylalanine
treatment on peptidergic systems in rat basal
ganglia. Europ J Pharmacol 1992;219:183-92.

46. Granata R, Wenning GK, Jolkkonen J,
Jenner P, Marsden CD. Effect of repeated
administration of dopamine agonists on
striatal neuropeptide mRNA expression in rats
with a unilateral nigral 6-hydroxydopamine

lesion. J Neural Transmis 1996;103:249-60.

47. Bianchi L, Galeffi F, Bolam JP, Della Corte
L. The effect of 6-OHDA lesions on the release
of amino acids in the direct and indirect
pathways of the basal ganglia: a dual probe
analysis. Europ J Neurosc 2003;18:856-68.

48. De Long MR. Primate models of movement
disorders of basal ganglia origin. TINS
1990;13:281-5.

49. Blanco-Lezcano L, Rocha L, Alvarez L,
Martinez-Martin L, Pavén N, Gonzalez-
Fraguela ME, Bauza Calderin Y, Coro Y. Efec-
to de la lesién de la substantia nigra pars
compacta sobre la liberaciéon de glutamato y
GABA en el nucleo pedunculopontino. Rev
Neurol 2005;40:23-9.

50. Viallet F, Witjas T. Neuroplasticity in
Parkinson’s Disease. Rev Neurol 2002;158(1):
42-8.

51. Nandi D, Aziz T, Giladi N, Winter J, Stein
J. Reversal of akinesia in experimental
Parkinsonism by GABA antagonist micro-
injections in the pedunculopontine nucleus.
Brain 2002;125:2418-30.

52. Calon F, Morissette M, Rajput AH,
Hornykiewicz O, Bedard PJ, Di Paolo T.
Changes of GABA receptors and dopamine
turnover in the post mortem brain of
parkinsonians with levodopa- induced mo-
tor complications. Movt Disord 2003;18(3):
241-53.

53. Sum N, Kong L, Wang X, Holmes C, Gao
Z, Zhang JR, Pfeilschifter J, Goldstein DS, Geller
Al. Co-expression of tyrosine hydroxylase, GTP
cyclohydrolase |, aromatic aminoacis de-
carboxilase and vesicular monoamine
transporter 2 from a helper virus-free herpes
simplex virus type 1 vector supports high-level,
long term biochemical and behavioural
correction of a rat model of Parkinson’s Disease.
Hum Gene Ther 2004;15(12):1177-96.

Received in september, 2005. Accepted

for publication in june, 2006.

223

54. Bach -y-Rita P. Neurotransmission in the
brain by diffusion through the extracellular
fluid: a review. Neuroreport 1993;4:343-50.

55. Manis RE, Eipper BA. Peptides. In: Siegel
GJ, Agranoff BW, Albers RW, Fisher SK, Uhler
MD, eds. Basic Neurochemistry, Molecular,
Cellular and Medical Aspects. Filadelfia: Ed.
Lippicott Williams & Wilkins; 1999:363.

56. Mansour A, Taylor LP, Fine JL. Key residues
defining the u opioid receptor bibding
pocket: a site-directed mutagenesis study. J.
Neurochem 1997;68:344-53.

57. Hasebe K, Kawai K, Susuki T, Kakamura K,
Tanaka T, Marita M, Nagase H, Susuki T.
Possible Pharmacotherapy of the Opioid &
Receptor Agonist for Drug Dependence. Ann
NY Acad. Sci 2004;1025:404-13.

58. Alonso-Solis R. Neurotransmisores y
Neuromoduladores. En: Tresguerres JAF (eds.).
Fisiologia Humana. Madrid: Ed. Interamericana
McGraw-Hill Ed 1992:63-73.

59. Agnati LF, Ferre S, Lluis C, Franco R, Fyxe K.
Molecular mechanisms and Therapeutical
implications of inframembrane receptor / recep-
tor interactions among heptahelical receptors
with examples from the striatopallidal GABA
neurons. Pharmacol Rev 2003;55(3):509-50.

60. Michelle F, Longone P, Romeo E, Luchetti
S, Brusa L, Pierantozzi M, Bassi A, Bernardi
G, Stanzione P. Decreased plasma and
cerebrospinal fluid content of neuroactive
steroids in PD. Neurol Sci 2003;24(3):172-3.

61.Rocha L, Tatsukawa K, Chugani HT, Engel
J (Jr.). Benzodiacepine receptor binding
following chronic treatment with naloxone,
morphine and met-enkephalin in normal rats.
Brain Res 1993;612(1-2):247-52.

62. Rocha L, Ackermann RF, Chugant HT, Engel
J (Jr.). Chronic pre treatment with naloxone
modifies BDZ receptor binding in amyddaloid
kindled rats. Epilepsy Res 1994; 17(2):135-43.

Biotecnologia Aplicada 2006; Vol.23, No.3



	BIOTECNOLOGÍA APLICADA Vol23 No3
	CONTENIDO / CONTENT
	ARTÍCULOS DE REVISIÓN / REVIEW ARTICLES
	Inmunosenescencia: implicaciones para la inmunoterapia de cáncer en los adultos mayores
	Immunosenescence: implications for cancer immunotherapy in elderly patients
	Fructans: from natural sources to transgenic plants

	ARTÍCULOS DE INVESTIGACIÓN / RESEARCH ARTICLES
	Cambios en la densidad a receptores BDZ y mu en ratas hemiparquinsonianas
	Effects of the local injection of 6-OHDA on the density of BDZ and µ opioid receptors of the substantia nigra pars compacta and pedunculopontine nucleus of rats
	Expression and characterization of lipase produced by mucor griseocyanus
	Polymorphism determination in two natural mezquite (Prosopis laevigata) populations using RAPD
	Increased activity of a hybrid Bt toxin against Spodoptera frugiperda larvae from a maize field in Cuba

	REPORTES / REPORTS
	Biotecnología para todos. Un reto para una realidad necesaria
	Biotechnologies for all. A challenge for a necessary reality
	Premios de la Academia de Ciencias de Cuba 2005 / Awards of the Academy of Sciences of Cuba 2005
	Efecto protector de una proteinasa contra la infección por Trichomonas vaginalis en el tracto genital murino
	Protective effect of a protease against Trichomonas vaginalis infection of the murine genital tract
	Los lípidos de la membrana actúan como moduladores de la actividad permeabilizante de Sticholisina II, una toxina formadora de poros con aplicaciones biomédicas
	Membrane lipids act as modulators of the permeabilizing activity of Sticholysin II, a poreforming protein with biomedical applications


	PRÓXIMOS EVENTOS / FUTURE EVENTS
	INSTRUCCIONES A LOS AUTORES
	INSTRUCTIONS TO AUTHORS





