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Abstract  Parkinson’s  disease  (PD)  is characterised  by  motor  alterations,  which  are  com-

monly treated  with  l-DOPA.  However,  long-term  l-DOPA  use  may  cause  dyskinesia.  Although

the pathogenic  mechanism  of  l-DOPA-induced  dyskinesia  is unclear,  the  condition  has been

associated with  alterations  in  dopamine  receptors,  among  which  D2 receptors  (D2R)  have

received  little  attention.  This  study  aims  to:  (i)  develop  and  standardise  an  experimental

model  of  l-DOPA-induced  dyskinesia  in rats  with  hemiparkinsonism;  and  (ii)  evaluate  the  cor-

relation between  D2R  expression  and  presence  of  abnormal  involuntary  movements  (AIM).  We

allocated 21  male  Wistar  rats  into  3  groups:  intact  controls,  lesioned  rats  (with  neurotoxin

6-hydroxydopamine  (6-OHDA)),  and  dyskinetic  rats  (injected  with  l-DOPA  for  19  days).  Sensori-

motor impairment  was  assessed  with  behavioural  tests.  Dyskinetic  rats  gradually  developed  AIMs

during the  treatment  period;  front  leg  AIMs  were  more  severe  and  locomotor  AIMs less  severe

(P <  .05).  All  AIMs  were  significantly  evident  from  day  5 and persisted  until  the  last  day  of  injec-

tion. D2R  density  was  greater  in  the  striatum  and  the  medial  anterior  brain  of  the  lesioned

and dyskinetic  rats  than  in those  of  controls.  Our  results  suggest  an  association  between  D2R

expression  and  locomotor  AIMs.  We  conclude  that  RD2  is involved  in l-DOPA-induced  dyskinesia.

© 2018  Sociedad  Española  de  Neuroloǵıa.  Published  by  Elsevier  España,  S.L.U.  This  is an  open

access article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

� Please cite this article as: Caro Aponte PA, Otálora CA, Guzmán JC,  Turner LF, Alcázar JP,  Mayorga EL. Correlación entre la expresión
del receptor dopaminérgico D2 y presencia de movimientos involuntarios anormales (MIA) en un  modelo de disquinesia en  ratas Wistar
hemiparkinsonizadas. Neurología. 2021;36:191—200.

∗ Corresponding author.
E-mail address: paca 1708@hotmail.com (P.A. Caro Aponte).
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Correlación  entre  la expresión  del receptor  dopaminérgico  D2 y presencia  de

movimientos  involuntarios  anormales  (MIA)  en  un  modelo  de disquinesia  en  ratas

Wistar  hemiparkinsonizadas

Resumen  La  enfermedad  de  Parkinson  (EP)  se caracteriza  por  una serie  de deficiencias

motoras que  son  tratadas  comúnmente  con  L-DOPA;  sin  embargo,  tras  un  uso  crónico  se  desar-

rollan disquinesias  inducidas  por  L-DOPA  (DIL).  Por  otra  parte,  el  origen  de las  DIL  no está del

todo claro,  pero  se  asocia  con  alteración  en  receptores  dopaminérgicos,  donde  los  receptores

D2 (RD2)  han  sido  poco  estudiados.  El presente  trabajo  buscó:  1)  desarrollar  y  estandarizar  un

modelo  experimental  de  disquinesia  con  L-DOPA  en  ratas  hemiparkinsonizadas,  y  2)  evaluar  la

correlación  entre  la  expresión  del RD2  y  la  manifestación  de  movimientos  involuntarios  anor-

males (MIA).  Se  utilizaron  21  ratas  Wistar  macho  asignadas  a  3 grupos:  control  intacto,  lesionados

(con la  neurotoxina  6-OHDA)  y  lesionados  disquinéticos  (inyectados  con  L-DOPA  durante  19  días).

Los reactivos  biológicos  se  sometieron  a  pruebas  comportamentales  para  evaluar  el  deterioro

sensoriomotor.  Los animales  del grupo  disquinético  desarrollaron  de forma  gradual  MIA  durante

el tratamiento,  siendo  mayores  los  MIA  de  miembro  anterior  y  menores  los  de tipo  locomotor

(p <  0,05).  Todos  los  MIA  fueron  significativamente  evidentes  a  partir  del  día 5  y  se  mantuvieron

hasta el  último  día  de  inyección.  Además,  se  pudo  evidenciar  incremento  en  la  densidad  del

RD2 en  el  estriado  y  el  cerebro  anterior  medial  en  los  grupos  lesionados  con  respecto  al  control,

así como  también  una  posible  asociación  entre  la  expresión  del  RD2  y  MIA  de tipo  locomotor.

Por lo  que  concluimos  que  el  RD2  está implicado  en  el  fenómeno  disquinético  generado  con  la

L-DOPA.

© 2018  Sociedad  Española  de Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

PD is  the  second  most  prevalent  neurodegenerative
disease.1 Levodopa  is the most  effective  symptomatic  treat-
ment,  although  long-term  use  is  associated  with  AIM known
as levodopa-induced  dyskinesia  (LID).2 Research  into  LID
requires  the  use  of experimental  models.  In  the  case
of  PD,  models  must  show  nigrostriatal  dopamine  loss,
which  is  induced  with  such  neurotoxins  as  6-OHDA  and  1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine  (MPTP),  which
have  frequently  been  used in  rodents3 and  non-human  pri-
mates,  respectively.  LID  is  induced  with  levodopa,  mimicking
the  human  version  of  the condition.4—6

It  has  been  suggested  that  LID  is  caused  by  the sensiti-
sation  of  dopamine  receptors  D1  and  D2  (DRD1  and DRD2)
secondary  to  PD;  however,  the  association  between  LID
and  DRD1  is  reported  to  be  stronger  than  the  association
with  DRD2.7 It has  been  proposed  that  only co-activation
of both  receptors  produces  normal  movement.8 Due  to
its  presynaptic  location,  DRD2  may  be  involved  in more
complex  mechanisms;  this has  therapeutic  implications  for
dyskinesia.9,10 In  theory,  improved  DRD2  signalling  may
reduce  LID.11

In  view  of  the  potential  association  between  DRD2  and
dyskinesia,  and  considering  the limited  research  address-
ing  DRD2  in  the  context  of  levodopa  treatment,  we  aimed
to  evaluate  the  role  of  levodopa  in DRD2  expression  in  an
animal  model  of dyskinesia,  and to  analyse  the correlation
between  DRD2  density  and  AIMs.

Material  and methods

Animals

We  included  21  male  Wistar  rats  with  a  body  weight  of
250-350  g and  age  12-16  weeks.  Animals  were  kept  in the
vivarium  at Universidad  del  Tolima,  in Colombia.  The  study
was  approved  by  the  university’s  research  ethics  commit-
tee  and  observed  the  ethical  standards  established  in the
NIH  Guide  for the care  and use  of  laboratory  animals  (NIH
Publications  No. 80-23).

Study  design

Rats  were  randomly  assigned  to  one  of  3 different  experi-
mental  groups:  intact  control  group,  6-OHDA-induced  lesion
group,  and  dyskinesia  group (rats with  6-OHDA-induced
lesions  and  treated  with  levodopa/benserazide  [Sigma-
Aldrich

®
]).  Each  group  included  7 rats.  Lesions  were  induced

by  injecting  6-OHDA  into  the  substantia  nigra  pars  compacta
(SNpc)  of  the right  hemisphere.  One  month after  lesions
were  induced,  animals  received  subcutaneous  injections  of
apomorphine  dosed  at 0.5  mg/kg  (Sigma-Aldrich

®
).

Dyskinetic  rats  then  received  daily  intraperitoneal
injections  of  6 mg/kg  levodopa  (Sigma-Aldrich

®
) plus

12  mg/kg  peripheral  decarboxylase  inhibitor  benserazide12

(Sigma-Aldrich
®
),  dissolved  in physiological  saline  solu-

tion.  All  behavioural  tests  were  performed  in the morning
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(09.00—11.00).  The  research  team  was  divided  into  3  groups:
the  first  group  performed  surgeries  and  randomly  assigned
rats  to  the  3 experimental  groups, the second  performed
behavioural  testing,  and the third performed  immunoflu-
orescence  studies.  Results  were  analysed  by  experimental
group.

Surgery

Rats  were  anaesthetised  with  intraperitoneal  injections  of
ketamine  (90  mg/kg)  plus  xylazine  (10  mg/kg)  and  placed
in  a  stereotactic  device.  A  Hamilton  syringe  was  used
to  administer  3  �L  of  6-OHDA  per  animal  at  a rate  of
1  �L/min.  The  stereotactic  coordinates  for  6-OHDA  lesions
were:  AP  ≥  −4.4,  ML  ≥  1.2, DV  =  −7.8.13

Behavioural  tests

Apomorphine-induced  spinning  behaviour

Presence  of spinning  behaviour  induced  by  dopamine  ago-
nists  is  essential  to  evaluate  the effectiveness  of the
lesion  and  is  observed  in few  models  of  neurodegenerative
diseases.14 One  month after  inducing  lesions  with  6-OHDA,
we  evaluated  apomorphine-induced  spinning  behaviour  to
determine  the  degree  of  the lesion.  After  apomorphine
injection,  rats  were  placed in a circular  pool of water  for
20  min;  we counted  the  number  of spins to  the side  con-
tralateral  to  the  lesion.  Rats  had  to  spin  140 times,  which
indicates  80%  neuron  loss  in the  lesioned  hemisphere  accord-
ing  to  the  literature.15

Neurological  examination  and  pole test

6-OHDA-induced  sensorimotor  alterations  were  evaluated
by  analysing  postural  reflexes,  limb  flexion  and  extension
reflexes,  support  reflex,  and visual  location,  as  well  as  with
the  pole  test,  which evaluates  posture,  limb  use,  and  time
taken  to  walk  down  a pole  measuring  60 cm  long  and  3 cm
in  diameter.16 Quantitative  scales  were  used to  analyse  the
results  of  all  tests.

Assessment  of abnormal  involuntary  movements

Dyskinesia  was  evaluated  with  the scale  proposed  by  Cenci
et  al.4 Rats  were placed  in  a circular,  transparent  acrylic
cage  (50  cm  ×  30  cm)  and filmed  for  one  hour.  We  evaluated
the  following  AIMs: (1)  orofacial  dyskinesia:  jaw movements
on  the  vertical  axis  (opening  and closing),  with  slight  devi-
ations  to  the  side  contralateral  to  the  lesion,  empty  jaw
movements,  and tongue  protrusion;  (2)  forelimb  dyskinesia:
jerking  and  choreic  or  ballistic movements  in the fore-
limb  contralateral  to  the  lesion;  (3)  axial  dyskinesia:  lateral
deviation  of  the head,  neck,  and trunk  to  the  side  con-
tralateral  to  the  lesion,  resulting  in a twisted  posture  of
the  trunk  and  limbs;  and (4)  locomotor  dyskinesia:  walk-
ing  in  circles  towards  the side  contralateral  to  the lesion.7

Severity  of  each AIM subtype  was  rated  0  to  4  accord-

ing  to  the following  scale:  0,  absent;  1, occasional  (less
than  50%  of  the  time);  2, frequent  (over  50%  of the  time);
3,  continuous  but  interrupted  by  strong  sensory  stimuli;
and  4, continuous  and  not  interrupted  by  strong  sensory
stimuli.17—19

Preparation of brain  tissue  for immunofluorescence

After  completing  all  behavioural  tests,  rats were  anaes-
thetised  with  an overdose  of  pentobarbital  (50  mg/kg,
intraperitoneal  administration)  and  subsequently  admin-
istered  4%  paraformaldehyde  in 0.9%  saline  solution  by
gravity-driven  perfusion.  Brains  were  dehydrated  with
sucrose  and sliced  into  50-�m sections  at  −0.96, −1.8,
−3.72, and  −4.68 from  bregma13 using  a microtome  (KD-
3358,  KEDEE).

We  analysed  the striatum,  medial  forebrain  bundle
(MFB),  and SNpc to  detect  differences  in  immunore-
activity  between  groups.  Brain  tissue was  analysed  by
immunofluorescence  microscopy.  Four  slices from  the  same
animal  were  placed  on  each  plate,  corresponding  to the
4  regions  analysed.  We  analysed  8 slices  from  each  rat.
Sections  were  incubated  with  anti-tyrosine  hydroxylase
(1:500;  Sigma-Aldrich)  and  anti-DRD2  primary  antibodies
(1:800;  Abcam),  and  subsequently  with  Alexa  Fluor  488
anti-rabbit  polyclonal  (1:500;  Invitrogen)  and  Alexa  Fluor
594  anti-mouse  secondary  antibodies  (1:500;  Invitrogen),
respectively.  Sections  were  incubated  with  DAPI  (1:2000;
Invitrogen);  one  drop  of  Fluoromount

®
was  applied  to  the

plates  before  viewing  with  a FLoid Cell  Imaging  Station.
Cell  counts  were  performed  using  the  Fiji-ImageJ  software
(version  2017).

Statistical  analysis

Data  normality  and  homogeneity  of  variances  were  tested
with  the Kolmogorov-Smirnov  and  Bartlett  tests,  respec-
tively.  We  compared  spinning  behaviour,  density  of  neurons
expressing  tyrosine  hydroxylase  (TH)  and  DRD2,  and  pole
test  results  between  groups  using ANOVA  and  the  Tukey
post  hoc test. AIMs  were  analysed  with  the  non-parametric
Kruskal-Wallis  test.  Correlations  between  the  location  of
AIMs  and  DRD2  expression  were  analysed  using  linear  cor-
relation  and the Pearson  correlation  coefficient.  Statistical
significance  was  set  at  P  <  .05;  data  were  analysed  with  the
InfoStat  statistical  software  (2015  version).  Data  are  pre-
sented  as  means  ±  SEM.

Results

Efficacy  of 6-OHDA-induced  lesions

Injection  of 6-OHDA  into  the  SNpc  resulted  in a dramatic
loss  of  dopaminergic  neurons  in  the lesioned  hemisphere,  as
shown  by  TH  immunoreactivity.  Control  rats  showed  greater
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Figure  1  Immunoreactivity  to  tyrosine  hydroxylase  in  the  intact  (a)  and  the  lesioned  hemispheres  (b).  Scale  bar:  1:100  �m.

numbers  of TH+  cells  in all  areas  analysed  than  animals
from  the  other  2 groups  (P  <  .05).  Differences  were  espe-
cially  marked  in the  SNpc,  with  controls  displaying  a  mean
of  133.25  TH+  cells  vs.  29.25  in the lesion  group  and  23.25
in  the  dyskinesia  group  (Fig.  1).

Behavioural  tests

Apomorphine-induced  spinning  behaviour

ANOVA  showed  a spin  rate  of over 7  spins/min  in all  rats
with  6-OHDA-induced  lesions  (F = 7.69;  P < .05),  although  the
post  hoc  analysis  revealed  significant  differences  between
the  lesion  group  and  the dyskinesia  group  (7.57  vs.
16.46  spins/min;  P < .05).

Neurological  examination  and  pole  test

Sensorimotor  alterations  were  more  marked  on  the  side  con-
tralateral  to  the lesion,  and  in the  rear  limbs.  Dyskinetic  rats
showed  more  marked  alterations  in  the limbs  contralateral
to  the  lesion.  In the  pole  test,  rats in both  the  lesion  and
the  dyskinesia  groups  took  significantly  longer  to  walk  down
the  pole  than  control  rats  (P  <  .05);  the  dyskinesia  group
also  showed  great  variability  between  individuals.  Likewise,
dyskinetic  rats made  a greater  number  of  errors  (F = 14.33;
P  <  .05)  due to  not using  their  tails  or  rear  limbs,  or  using
them  incorrectly.

Assessment  of  abnormal  involuntary  movements

Lesioned  rats  receiving  levodopa  gradually  developed  AIMs
secondary  to  long-term  treatment.  All  dyskinetic  rats
presented  all 4 types  of AIMs, although  severity  varied
considerably.  Fig.  2  shows  the  AIMs  affecting  different  topo-
graphical  locations.

AIMs  were  most  pronounced  at 20  to  60  minutes  after
injection  of  levodopa.  All  AIMs  were  significantly  noticeable
from  day  5,  stabilising  around  day 11.  Once  AIMs  appeared,
severity  remained  stable  until  the  time  of  the last  injection.
The  Kruskal-Wallis  test  only detected  significant  differences
in  forelimb  and  locomotor  dyskinesia  (H  = 23.82;  P  =  .0001).

Severity  was  rated  a mean  of  1.12  for  locomotor  AIMs
and  2.06  for forelimb  AIMs.  Orofacial  and  axial  AIMs  were
also  frequent  (mean  severity:  1.43  and  1.60,  respectively),
although  no  significant  differences  were  observed  with  the
other  types  of  AIMs  (Fig.  3).

Immunofluorescence  study

Tyrosine  hydroxylase  expression

Control  rats showed  greater  numbers  of  TH+  cells  in  all
regions  (P  <  .05).  TH expression  in  the striatum  varied
between  groups  (P  < .05; F  =  39.18);  it  was  most  marked  in
the  control  group,  with  a mean  of 55.25  TH+  cells,  compared
to  7.75  in  the lesion  group  and  24.00 in  the dyskinesia  group.
Controls  displayed  significant  differences  in TH  expression
in  the  MFB  and  SNpc  compared  to  the lesion  and dyskinesia
groups  (P  <  .05; F =  71.82  and F  = 143.11,  respectively).  In the
MFB,  controls showed  a mean  of 62.50  TH+  cells,  vs.  11.75
in lesioned  rats  and  20.00  in dyskinetic  rats. The  highest
numbers  of  TH+  cells  were  found in the SNpc in  all  groups:
133.25  in the control  group,  23.25  in  the  lesion  group,  and
29.25  in the  dyskinesia  group  (Fig.  4).

Dopamine  receptor  D2  expression

DRD2  expression  was  different  in the striatum  and MFB  in
all  groups.  The  Tukey  post hoc  test  revealed  significant
differences  between  the 3 groups.  In the  striatum,  con-
trols  showed  fewer  DRD2+  cells  (mean  of 110)  than  lesioned
rats  (139);  dyskinetic  rats presented  the highest  number  of
DRD2+  cells  (241). In  the MFB,  the mean  number  of  DRD2+
cells  in  the  control,  lesion,  and dyskinesia  groups  was  269,
116,  and  128,  respectively;  only the dyskinesia  group  showed
significant  differences  with  the other  groups. DRD2+  cell
density  was  lower  in the SNpc  than  in  the  remaining  areas;
the  control  group  showed  the  most  marked  immunoreactiv-
ity  to  DRD2  (48.5  DRD2+ cells), followed  by  the  dyskinetic
group  (34.5)  and the  lesion  group  (21.5).  However,  differ-
ences  between  groups  were  not  significant  (P  >  .05)  (Fig.  4).
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Figure  2  Abnormal  involuntary  movements  (AIM)  during  long-term  treatment  with  levodopa,  by  location.  (a)  Forelimb  AIMs;  (b)

axial AIMs;  (c) orofacial  AIMs;  (d)  locomotor  AIMs.  The  rats  showed  alterations  on the  side  contralateral  to  the  lesion.

Correlation  between  dopamine  receptor  D2
expression  and presence  of  abnormal  involuntary
movements

DRD2  expression  was  correlated  with  AIMs  in the  striatum
and  MFB  (P  <  .05),  but  not in the  SNpc  (Fig.  5).  The  cor-
relation  was stronger  in  the case  of  orofacial  (R2 =  0.95,
F  =  34.42  in  the  striatum  and R2 =  0.93,  F = 25.10 in the
MFB)  and  locomotor  AIMs  (R2 =  0.96,  F  =  49.04  in the stria-
tum  and  R2 =  0.92,  F = 22.36  in  the  MFB),  whereas  axial
AIMs  were  correlated  with  DRD2  expression  in the striatum

only  (R2 =  0.93,  F = 27.70).  Forelimb  AIMs  were  not  corre-
lated  with  DRD2  expression  in any  of  the  areas  studied
(P  >  .05,  F  =  16.83).

Discussion

PD  is  a neurodegenerative  disease characterised  by  degen-
eration  of dopaminergic  neurons  in the SNpc,  which  results
in  motor  impairment.  Levodopa,  the most  effective  treat-
ment  available  to  date,  significantly  improves  symptoms.
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Figure  3  Abnormal  involuntary  movements  (AIMs)  during

treatment,  by  location.  Significant  differences  were  found  only

between  locomotor  and  forelimb  AIMs  (P <  .05;  H =  23.82);  loco-

motor AIMs  were  the  least  frequent  and  forelimb  AIMs  the  most

frequent.

However,  approximately  40%  of  patients  develop  motor
fluctuations,  known  as  LID,  after  5  years  of  treatment.20

Levodopa’s  role  in the pathogenesis  of  dyskinesia  is  poorly
understood,  which  underscores  the need  for experimental
models  that  can  accurately  reproduce  the main  fea-
tures  of  PD  and LID.21 To  this  end,  we  created  a  rat
model  using  6-OHDA  and long-term  treatment  with  lev-
odopa.  Dopaminergic  lesions  were verified  by  assessing
apomorphine-induced  spinning  behaviour.  Apomorphine  is  a
better  predictor  of  6-OHDA-induced  lesions;  previous  stud-
ies  have  shown  that dopaminergic  neuron  loss  of  at least  90%
is  necessary  for  animals  to  display  spinning  behaviour  with
apomorphine.  Apomorphine  has  100%  capacity  to predict
dopaminergic  neuron  depletion  of over  90%.14,22 Dyskinetic
rats  showed  a  higher  number  of  spins  than  lesioned  rats;
this  may  be  due  to  levodopa-induced  changes  in the inten-
sity  of  the  motor  response,  which  is  known  to  increase  with
long-term  levodopa  treatment.  This  phenomenon  is  known
as sensitisation,7 and involves  motor  changes  in response  to
exposure  to exogenous  dopamine,  given  that  it induces  a
non-physiological  state.23

Quantifying  spinning  behaviour  is  not  sufficient  to  mea-
sure  the  level  of motor  impairment  in lesioned  animals.24

Neurological  examination  and  pole  test  results  revealed
poorer  motor  skills  in the  lesion  and  dyskinesia  groups  than  in
controls.  Errors  involved  poor  integration  of the  movements
needed  to complete  the task,  including  head  position,  gaze
direction,  body  symmetry,  and limb  and tail  use.16 These
activities  depend  on  motor  association  areas.2 This  impair-
ment  in  test  performance  was  more  marked  in the  limbs
contralateral  to  the lesion  and in the rear  limbs;  levodopa
administration  may  have  led  to  dopamine  receptor  super-
sensitivity  in those  areas.25 We  may  conclude  that  both  the
lesions  and  levodopa  treatment  reduce  the rats’ ability  to
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Figure  4  Triple  immunofluorescence  staining  with  DAPI,  tyro-

sine hydroxylase  (TH),  and  DRD2  in  the  striatum  (a),  medial

forebrain  bundle  (b),  and  substantia  nigra  (c) in  the  groups

receiving  treatment.  Greater  cell  density  is observed  in  the

striatum  and  medial  forebrain  bundle.  White  arrows  indicate
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Figure  5  Correlation  between  abnormal  involuntary  movements  (AIM)  and  DRD2  expression  by  location.  The  strongest  correlation

was observed  with  locomotor  AIMs  in the  striatum  (R  =  0.96).

establish  a plan  for  motor  execution  requiring  high  levels  of
planning  and  control.26

In addition  to  sensorimotor  alterations,  AIMs constitute
one of the  main  adverse  reactions  to  levodopa.27 Our  find-
ings  show  that  prolonged  levodopa  treatment  gradually
induces  movement  alterations  affecting  the  head,  trunk,
and  limbs.  In  our  animal  model,  dyskinesia  manifested  as
abnormal  movements  appearing  at the  time  of  maximum
treatment  effectiveness  (peak  dose)28;  these  appeared  in

all rats  receiving  treatment,  despite  variable  severity  and
duration.

It  therefore  seems  clear  that  long-term  treatment  with
levodopa  causes  a  series  of  functional  changes  in  the form
of  AIMs. However,  the  mechanism  underlying  LID is  yet
to  be understood.  Researchers  largely  agree  that  dyskine-
sia  is  associated  with  abnormal  stimulation  of  chronically
denervated  dopamine  receptors.29 Dyskinesia  had  tradition-
ally  been  associated  with  DRD1;  following  PD-associated
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dopamine  loss,  DRD1  is  the first  type  of  dopamine  recep-
tor  affected,  whereas  DRD2  is  affected  at  later  stages,
resulting  in  difficulty  executing  automatised  movements.30

Although  little  is  known  about  DRD2  function,  there  is  evi-
dence  that it is  involved  in movement  alterations.  According
to  Fabbrini  et  al.,10 DRD2  agonists  cause  fewer  dyskine-
sias  since  DRD2  helps  maintain  adequate  dopaminergic  tone.
However,  as  degeneration  progresses,  the  numbers  of  resid-
ual dopaminergic  terminals  are insufficient  to  maintain
adequate  dopamine  levels.  Dyskinesia  may  therefore  be
caused  by  impaired  DRD2  activation,  as  previous  studies
have  suggested.31

Gay32 observed  greater  locomotor  activity  in DRD2  knock-
out  mice  than  in  controls.  DRD2  knock-out  mice  release
greater  quantities  of  dopamine  due  to  alterations  in neuro-
transmitter  synthesis.33 Our  animal model  probably  presents
massive  destruction  of  DRD2  following  stereotactic  injection
of  6-OHDA  into  the  SNpc,  where  DRD2  is  widely  expressed
at the  presynaptic  level;  DRD2  density  was  significantly
greater  in  controls  than  in lesioned  and dyskinetic  rats.  Mas-
sive  destruction  of DRD2  receptors  in the SNpc  probably
leads  to increased  striatal  dopamine  release  by  the  surviv-
ing  neurons;  dopamine  levels  would increase  with  exposure
to  exogenous  dopamine,  such  as  levodopa,  contributing  to
the  appearance  of  AIMs  in  animals  receiving  the treatment.
This  suggests  that  DRD2  stimulation  may  be  responsible  for
decreasing  locomotor  activity,  probably  due  to reduced  fir-
ing  of  dopaminergic  neurons  and  dopamine  release.  Another
hypothesis  suggests  that  DRD2  modulates  dopamine  syn-
thesis  by  acting  on  TH.34 In view  of  the above,  current
research  is focused  on developing  a treatment  for PD  that
modulates  dopaminergic  transmission  by  indirectly  acting  on
DRD2.35

Our  study  evaluated  DRD2  expression  in projection  areas
of  the  nigrostriatal  pathway,  revealing  a  marked  increase  in
DRD2  density  in  the  striatum  and MFB  in lesioned  and  dyski-
netic  rats.  DRD2  is  markedly  expressed  in those  regions.36

However,  increased  DRD2  density  may  be  explained  by
sensitisation  to  dopamine  secondary  to nigrostriatal  path-
way  degeneration;  afferent  striatal  neurons  are  sensitised
due  to  lack  of  dopamine,  and  increase  the externali-
sation  of  dopamine  receptors.  Therefore,  AIMs  increase
with  higher  DRD2  concentrations.  This  is  explained  by  the
greater  amount  of receptors  in the  striatum  and  MFB  in
the dyskinesia  group  as compared  to  the other  2 groups;
differences  were statistically  significant  in the  striatum
only.

Our  findings  partially  coincide  with  those  reported  by
Pavón  et  al.7 in  that  DRD2  expression  seems  to  be  involved
in orofacial  AIMs.  According  to  these  researchers,  DRD2
knock-out  mice  present  orofacial  AIMs  but  no  locomotor,
axial,  or  forelimb  AIMs.  DRD2  probably  allows  normal  mobil-
ity  of  the  mouth  region,  although  our  results  showed  that
locomotor  AIMs  also  were  positively  correlated  with  DRD2
expression.

Our  results  provide  a  deeper  insight  into  the role  of  DRD2
in  the  pathogenesis  of  dyskinesia;  further  research  into  the
topic  is  needed.

Conclusions

Dyskinesia  can  be replicated  in  rats  with  hemiparkinson-
ism  through  continuous  levodopa  treatment,  as  occurs  in
humans.  This  animal model  is  useful  for  the study  of
the  pathophysiological  mechanisms  underlying  motor  alter-
ations.  Animals  receiving  levodopa  developed  behavioural
sensitisation,  displaying  locomotor  alterations  on  the side
contralateral  to the  lesion following  apomorphine  adminis-
tration.

Long-term  treatment  with  levodopa  alters  DRD2  expres-
sion,  which  was  found to  be  more  strongly  correlated  with
orofacial  and locomotor  AIMs.  This  suggests  that  DRD2  plays
a pivotal  role  in the development  of  these  AIMs.  We  may
conclude  that  DRD2  is  involved  in the  pathogenesis  of  dyski-
nesia;  the study  of dopamine  receptors  is  therefore  essential
to  gain  a deeper  understanding  of  a  wide  range  of  functional
alterations  affecting  the  basal  ganglia  and  to  explore  new
therapeutic  targets.

Funding

This  study  was  funded  by  the  research  and  scientific  develop-
ment  office  at Universidad  del  Tolima  (project  no.  250113).

Conflicts  of  interest

The  authors  have no  conflicts  of  interest  to  declare.

Acknowledgements

We  are grateful  to  Universidad  del Tolima’s  research  and  sci-
entific  development  office  and  to  the  Experimental  Models
for  Zoo-Human  Sciences  Study  Group.

References

1. Maranis S, Tsouli S, Konitsiotis S. Progress in neuro-
psychopharmacology & biological psychiatry treatment of
motor symptoms in advanced Parkinson’s disease: a prac-
tical approach. Prog Neuropsychopharmacol Biol Psychiatry.
2011;35:1795—807.

2. Daneault J-F, Carignan B, Sadikot AF, Panisset M,  Duval C.
Drug-induced dyskinesia in Parkinson’s disease. Should suc-
cess in clinical management be a function of  improvement
of motor repertoire rather than amplitude of dyskine-
sia? BMC Med. 2013;11:76. Available at: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=3751666&tool
=pmcentrez&rendertype=Abstract [accessed 27.03.14].

3. Klawans HL, Goetz C, Nausieda PA,  Weiner WJ. Levodopa-
induced dopamine receptor hypersensivity. Ann Neurol.
1977:125—9.

198

http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0185
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3751666&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3751666&tool=pmcentrez&rendertype=Abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3751666&tool=pmcentrez&rendertype=Abstract
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0195


Neurología  36  (2021)  191—200

4. Cenci MA, Lee CS, Björklund A. l-DOPA-induced dyskine-
sia in the rat is associated with striatal overexpression of
prodynorphin- and glutamic acid decarboxylase mRNA. Eur J
Neurosci. 1998;10:2694—706.

5. Konitsiotis S, Blanchet PJ, Verhagen L,  Lamers E, Chase TN.
AMPA receptor blockade improves levodopa-induced dyskinesia
in MPTP monkeys. Neurology. 2000;54:1589—95. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/10762498

6. Kasner E, Hunter CA, Kariko K. A new, quantitative rating
scale for dyskinesia in non-human primates. Behav Pharmacol.
2013;70:646—56.

7. Pavón N, Bergado J,  Moratalla R. Efecto de la  inactivación
de los receptores dopaminérgicos D2 y de la  manipulación
del núcleo subtalámico sobre la conducta motora en mode-
los de hemiparkinsonismo en roedores. Centro Internacional de
Restauración Neurológica [tesis en internet] [Cuba], 2006. Avail-
able at: http://tesis.repo.sld.cu/443/ [accessed 22.10.16].

8. Silvan CI. Efecto de la l-DOPA sobre la activación y respuesta
funcional de receptores dopaminérgicos del tipo D2 en el globo
pálido de ratas con Parkinson experimental [tesis en inter-
net] [México]: Instituto Politécnico Nacional; 2007. Available
at: http://studyres.es/doc/3365242/carlos-isaac-silva-barron
[accessed 10.08.16].

9. Cenci A. Presynaptic mechanisms of l-DOPA-induced dyskinesia:
the findings, the debate, the therapeutic implications. Front
Neurol. 2014;5:1—15.

10. Fabbrini G, Brotchie JM, Grandas F, Nomoto M, Goetz CG.
Levodopa-induced dyskinesias. Mov Disord. 2007;22:1379—89.

11. Gold SJ, Hoang CV, Potts BW, Porras G,  Pioli  E, Kim KW, et  al.
RGS9 2 negatively modulates l-3,4-dihydroxyphenylalanine-
induced dyskinesia in experimental Parkinson’s disease.
J  Neurosci. 2007;27:14338—48. Available at: http://www.
jneurosci.org/cgi/doi/10.1523/JNEUROSCI.4223-07.2007

12. Badalà F, Nouri-mahdavi K,  Raoof DA. The blood-brain barrier
is intact after levodopa induced dyskinesias in parkinsonian
primates—–evidence from in vivo neuroimaging studies. Neuro-
biol Dis. 2009;144:724—32.

13. Paxinos G, Watson C. The rat brain in stereotaxic coordinates.
Academic Press; 2001.

14. Luquin M.  Modelos experimentales de enfermedad de Parkinson.
Neurology. 2000;31:60—6.

15. Arzuza JPA, Bayona Arciniegas AJ, de los Reyes LM, Francis
Turner L. Evaluación comportamental del trasplante de hMSC-
GFP+ en un modelo experimental de hemiparkinson en rata Wis-
tar. Acta Biolo Colomb. 2017;22:5. Available at: http://www.
revistas.unal.edu.co/index.php/actabiol/article/view/59703

16. Matsuura K, Kabuto H, Makino H, Ogawa N.  Pole test is a useful
method for evaluating the mouse movement disorder caused by
striatal dopamine depletion. J  Neurosci. 1997;73:45—8.

17. Kumar R,  Riddle L, Griffin SA, Grundt P, Hauck A, Luedtke
RR. Evaluation of  the D3 dopamine receptor selective antag-
onist PG01037 on  l-DOPA-dependent abnormal involuntary
movements in rats. Neuropharmacology. 2009;56:944—55,
http://dx.doi.org/10.1016/j.neuropharm.2009.01.020.

18. Carta AR, Frau L, Pontis S, Pinna A, Morelli M. Direct and indi-
rect striatal efferent pathways are differentially influenced by
low and high dyskinetic drugs: behavioural and biochemical evi-
dence. Parkinsonism Relat Disord. 2008;14:165—8.

19. Winkler C, Kirik D, Bjo A, Cenci MA. Dyskinesia in the intrastri-
atal 6-hydroxydopamine model of Parkinson’s disease: relation
to motor and cellular parameters of nigrostriatal function l-
DOPA-induced. Neurobiol Dis. 2002;186:165—86.

20. Murer MG, Moratalla R.  Striatal signaling in l-DOPA-induced
dyskinesia: common mechanisms with drug abuse and
long term memory involving D1 dopamine receptor
stimulation. Front Neuroanat. 2011;5:51. Available at:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3154293&tool=pmcentrez&rendertype=Abstract [accessed
17.11.14].

21. Morin N, Jourdain VA, di Paolo T. Modeling dyskinesia in animal
models of  Parkinson disease. Exp Neurol. 2014;256:105—16.

22. Hudson JL, van Horne CG, Strömberg I,  Brock S,  Clay-
ton J,  Masserano J, et al. Correlation of apomorphine-
and amphetamine-induced turning with nigrostriatal dopamine
content in unilateral 6-hydroxydopamine lesioned rats. Brain
Res. 1993;626:167—74.

23. Alarcón A, Santamaría A, Fainstein M. Modelos neurotóxicos
de la enfermedad de Parkinson y disfunción mitocondrial. REB.
2010;29:92—100.
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35. Fernández-Dueñas V,  Albergaria C, Sánchez S,  Ciruela F.
Oligomerización de receptores acoplados a proteína G y enfer-
medad de Parkinson. Act Farm Terap. 2009;7:220—6.

36. Jackson DM, Westlind-Danielsson A. Dopamine recep-
tors: molecular biology, biochemistry and behavioural
aspects. Pharmacol Ther. 1994;64:291—370. Available
at: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=
Retrieve&db=PubMed&dopt=Citation&list uids=7878079

200

http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0350
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://refhub.elsevier.com/S2173-5808(19)30124-5/sbref0355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7878079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=7878079

	Correlation between dopamine receptor D2 expression and presence of abnormal involuntary movements in Wistar rats with hem...
	Introduction
	Material and methods
	Animals
	Study design
	Surgery
	Behavioural tests
	Apomorphine-induced spinning behaviour
	Neurological examination and pole test

	Assessment of abnormal involuntary movements
	Preparation of brain tissue for immunofluorescence
	Statistical analysis

	Results
	Efficacy of 6-OHDA-induced lesions
	Behavioural tests
	Apomorphine-induced spinning behaviour
	Neurological examination and pole test
	Assessment of abnormal involuntary movements

	Immunofluorescence study
	Tyrosine hydroxylase expression
	Dopamine receptor D2 expression

	Correlation between dopamine receptor D2 expression and presence of abnormal involuntary movements

	Discussion
	Conclusions
	Funding
	Conflicts of interest
	Acknowledgements
	References


