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L-DOPA-elicited abnormal involuntary movements in the rats
damaged severely in substantia nigra by 6-hydroxydopamine
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Background: Dyskinesia of rat models can occur in several conditions: acute levodopa (L-DOPA)
administration provided that the drug dose is sufficiently high and/or that the nigrostriatal dopamine (DA)
pathway is seriously damaged, and repeated L-DOPA administration which could cause a reduction of the
dyskinesia-threshold dose, a progressive aggravation and an increasing incidence of dyskinesia. Therefore, if
the damage of the nigrostriatal DA pathway is extremely severe, what abnormal movements can be elicited
by first injecting L-DOPA or other dopaminergic agonists? The problem deserves exploring.

Methods: Rat models with damage of varying severity were divided into three groups: the serious lesion
[induced by 40 pg 6-hydroxydopamine (6-OHDA), two injected coordinates including substantia nigra (SN)
and medial forebrain bundle], the moderate lesion (20 pg 6-OHDA, a coordinate in SN) and the control.
Three weeks after lesion, the Rota Rad test and Cylinder test were performed to assess the motor activities of
rat models, the abnormal involuntary movements (AIMs) elicited by L-DOPA or apomorphine (APO) were
observed, and the dopaminergic degeneration in SN and striatum was determined.

Results: Both seriously lesioned rats and the moderately were observed to exhibit a significant decrease
in motor activities. In the rats with a serious lesion, scarcely any dopaminergic neurons were present in the
SN, tissue DA level decreased by 99% in the striatum, and both L-DOPA and APO could elicit AIMs and
rotational movements. In the rats with the moderate lesion, only rotation movements could be elicited. The
rotation speed of moderately lesioned rats was 9 turns/min, but that of seriously was only 4.5 turns/min
elicited by APO.

Conclusions: Both dyskinesia and rotation movement are the specific expressions elicited by L-DOPA
or APO in rats whose SN is damaged by 6-OHDA. Dyskinesia reflects more severe damage than rotation

movement.
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Introduction

Levodopa (L-DOPA) remains the most efficacious drug
for the treatment of Parkinson’s disease (PD) but causes
adverse effects, such as L-DOPA-induced abnormal
involuntary movements (AIMs), which are referred to as
L-DOPA-induced dyskinesia (LID) (1). A review shows
that approximately 30% of PD patients occur dyskinesia
after 4-6 years of L-DOPA treatment, and close to 90% of
the patients suffer from this complication after 9 years (2).
Rat models of LID are produced by first injuring the
nigrostriatal DA pathway by 6-hydroxydopamine
(6-OHDA), and then administering L-DOPA once or
twice a day for several weeks, mimicking the process of
developing dyskinesia in PD patients (3-6).

However, dyskinesia of rat models can occur in several
conditions: acute L-DOPA administration provided that the
drug dose is sufficiently high and/or that the nigrostriatal
DA pathway is seriously damaged, and repeated L-DOPA
administration which could result in a reduction of the
dyskinesia-threshold dose, a progressive aggravation and
an increasing incidence of dyskinesia (7). So, if the damage
of the nigrostriatal DA pathway is extremely serious, what
abnormal movements can be elicited by first injecting
L-DOPA or apomorphine (APO)? The problem deserves to
explore.

In the present study, the rats of extremely serious damage
in the nigrostriatal DA pathway induced by 6-OHDA have
been compared to that of moderate damage concerning
their motor abilities and dopaminergic degeneration in SN
and striatum.

Methods
Experimental animals and groups

Twenty-seven female Sprague-Dawley rats (190-210 g
body weight) used in the experiment were obtained from
the Laboratory Animal Center of Guangdong province,
China. The rats were housed five per cage on a 12 h light/
dark cycle and ad libitum access to rodent chow and water.
All experimental protocols involving the animals were
reviewed and approved by the Ethical Committee of the
Guangzhou Medical University. All procedures were carried
out following the approved guidelines and regulations
of the National Institutes of Health for the care and use
of laboratory animals. All the animals were evaluated
carefully to make sure none of them have automatic
spinning behavior, or sighting impairment or limb motion
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impairment. The rats were randomly divided into three
groups (serious lesion, moderate lesion, and control), and
nine rats were in each group. After the behavioral testing,
all the rats were sacrificed, then six animals were randomly
selected for immunohistochemical detection in each group,
and three for determining the DA level in the striatum.

Establisbment of the model

The rats were anesthetized with 1% Pentobarbital (4 mL/
kg, i.p.) and fixed in a stereotaxic device with a horizontal
cranium position. The rats in the serious-lesion group
were injected unilaterally in the right substantia nigra
compacta (SNc) and right medial forebrain bundle (MFB)
respectively with 4 pL 6-OHDA (Sigma, 5 pg/pL, in
0.2% ascorbate saline, made on the same day) at a rate of
1 pL/min. Injection coordinate of the MFB, anteroposterior
(AP): -4.4 mm, medial-lateral (ML): -1.2 mm from the
bregma, and dorsoventral (DV): 7.8 mm from the dura.
Injection coordinate of the SN¢, AP: -5.2 mm, ML: -2.2 mm;
and DV: 7.8 mm. The rats in the moderate lesion group
were injected only in the SNc with 4 pL. 6-OHDA. The rats
in the control group were injected in the SNc¢ with 4 pL
vehicle (0.2% ascorbate saline).

Twenty-one days after lesion, all of the rats were
injected with apomorphine (APO, 0.5 mg/kg, i.p.) for
detecting AIMs and rotation movements, and both the
Rota Rad test and Cylinder test were performed in the
following week. Then all the rats were given ip injections of
6 mg/kg L-DOPA combined with benserazide (15 mg/kg)
on the 28th day after lesion, 10 mg/kg L-DOPA combined
with benserazide (15 mg/kg) at 35th day as well as 15 mg/kg
on 42nd day. After each i.p. injection, the AIMs, and
rotation movements were observed.

AIMs rating

For quantification, the AIMs elicited by L-DOPA or
APO, rats were observed individually every 20 min for
3 h following administration, during 1 min (observations
were performed between 10.00 and 16.00 h). AIMs were
classified based on their topographic distribution into
four subtypes (8): locomotive dyskinesia, i.e., increased
locomotion with contralateral side bias; axial dystonia, i.e.,
contralateral twisted posturing of the neck and upper body;
orolingual dyskinesia, i.e., stereotyped jaw movements
and contralateral tongue protrusion; forelimb dyskinesia,
i.e., repetitive rhythmic jerks or dystonic posturing of
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the contralateral forelimb, and/or grabbing movement
of the contralateral paw. For each of these four subtypes,
each rat was scored on a scale from 0 to 4 (1= occasional;
2= frequent; 3= continuous but interrupted by sensory
distraction; 4= continuous, severe, not interrupted by
sensory distraction). The maximum AIMs score per
observation was 16.

An added score was given to the amplitude of limb and
axial dyskinesia (8). The amplitude score was applied as
follow: Axial dystonia: 1= lateral deviation of head and
neck <30°, 2= lateral deviation of head and neck 30-60°, 3=
lateral deviation or torsion of head, neck and upper trunk
60-90°, 4= torsion of neck and trunk at >90° causing the
rat to lose balance; Forelimb dyskinesia: 1= tiny oscillatory
movements of the paw and the distal forelimb around a
fixed position, 2= movements of low amplitude but causing
visible translocation of both distal and proximal limb, 3=
translocation of the whole limb with visible contraction
of shoulder muscles, 4= vigorous limb and shoulder
movements of maximal amplitude.

Rota Rod test

The Rota Rod test was used to assess motor coordination
and balance (3). The Rota Rod test was performed by
placing the rat on a rotating drum and measuring the time
each animal was able to support its balance walking on
top of the drum. The diameter of the drum was 7 cm, and
its material was the organic glass with a striped surface.
Animals were pre-trained at 5 turns/min, twice a day, three
days before the test. If animals dropped during this process,
they at once placed them back to the rotating drum. Before
tested, the rats were first placed on the drum rotating at
5 turns/min to adapt for 1 minute, and then the rotating
was stopped to let the rats rest for half a minute. When
tested, the Rota Rod test started at the speed of 5 turns/min,
which increased 5 turns/min every half a minute until the
rats dropped from the rotating drum, or the time was at
most 300 seconds. The animals were touched on their tails
several times in each session to support a high degree of
alertness in the test (1).

Cylinder test

The cylinder test was used to assess forelimb use (9).
For the test, the rat was placed gently in a transparent
cylinder (diameter 20 cm) and videotaped for 10 minutes.
Mirrors were placed behind the cylinder so that behavior
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could be viewed when the animal turned away from the
camera. Exploratory activity for 3 min was analyzed using
a video recorder with slow-motion capabilities. Forelimb
use was observed during the first contact against the wall
after rearing and during lateral exploration of the wall.
Independent use of contralateral and ipsilateral forelimbs,
as well as simultaneous use of both forelimbs, were
calculated. After landing, the first forelimb contacting the
wall with weight support was scored as an independent wall
placement for that limb. A simultaneous (both forelimbs)
movement was scored if the first limb supported its position,
and the other forelimb was placed on the wall. If the animal
placed both forelimbs simultaneously on the wall, that was
scored as a simultaneous movement. To score again, the
rat had to remove both forelimbs from the surface of the
cylinder. After the rat removed both forelimbs from the
wall, stood with its hind-limbs, and then contacted the wall
with the other forelimb, that was scored as an independent
wall placement for that limb. When the rat explored the
wall laterally, alternating both limbs, the simultaneous
movement was scored. If one forelimb was stationary and
the other made several movements, it was scored as one
simultaneous movement. Forelimb use during landing could
not be measured reliably from the videotapes and was not
scored.

Each behavior was expressed in terms of (I) percent use
of the contralateral forelimb: the number of contralateral
limb use plus half the number of simultaneous movement,
then divided by the total number of limb use observations
(contralateral, ipsilateral and both limb use observations) for
wall movements; (II) percent use of the ipsilateral forelimb:
the number of ipsilateral limb use plus half the number of
simultaneous movement, then divided by the total number
of limb use observations for wall movements.

Determination of TH immunoreactivity

After the final behavior observation, the rats were
anesthetized and terminally killed by decapitation. And their
brains were fixed transcardially perfusion with 50-100 mL
0.1 M phosphate-buffered saline (PBS, pH 7.4) followed
by 250 mL buffered 4% paraformaldehyde (PFA). Brains
were removed and post-fixed in PFA for 24 h followed
by immersion in a solution of 30% sucrose in PBS until
they sank. Serial coronal sections were cut at 25 pm on a
freezing sled microtome. A series of every sixth section was
stained immunohistochemically, free-floating for tyrosine

hydroxylase (TH, MAB318, Millipore, USA; 1:1,000). All
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Figure 1 The motor abilities after unilaterally dopaminergic degeneration. The running time on rotating drum in groups of serious

lesion, moderate lesion, and control was 103£30, 88+43 and 190+40 seconds respectively in (A). The percentages of contralateral forelimb

contacting wall in groups of serious lesion, moderate lesion and control were 19.6£16.8, 14.9x11.0 and 52.5+10.9 respectively in (B). *,

P<0.01 serious vs. control and moderate vs. control (unpaired #-test).

immunohistochemical procedures were conducted using the
streptavidin-biotin method. Observe the TH positive cells
in SNc with an Olympus IX71 microscope.

Determination of DA level in tissue samples of the
striatum

After the rats were anesthetized and killed, their brains were
taken out rapidly, removed the dural, flushed the blood,
separated the striatum, scaled the wet weight immediately.
According to “0.1 M perchloric acid (uL): the wet weight of
striatum (mg) =50 pL:10 mg”, the samples were sonicated
in cold perchloric acid and centrifuged for 15 min at
12,000 rpm. Then the supernatant was transferred to
0.22-pm micropore separators, and the filtrate of the sample
was kept frozen (-80 °C) until analysis.

The level of DA in the tissue sample was determined by
high-performance liquid chromatography (HPLC) coupled
with electrochemical detection. First, the standard sample
of DA was prepared. The DA was sonicated in cold 0.1 M
perchloric acid and made into 5 graded concentration, i.e.,
0.01, 0.02, 0.05, 0.1, and 0.2 pg/mL. Then the standard
curve was made, and the DA concentration could be
calculated with the standard external method.

Filtrate (5 pL) was injected into a reversed-phase C18
column (4 mm O, 200 mm length, Lichrosorb RP). The
mobile phase [citric acid 85 mmol/L, sodium citrate
32.8 mmol/L, 0.1 mmol/LL EDTA, 3.2 mmol/L sodium
heptane sulfonate and 8% methanol (v/v), pH 3.7] was
delivered at a rate of 30 pL/min. The detection wavelength
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was UV 280 nm, and the detection voltage of the
electrochemical detector was 0.65 V. The detection limit of
the assay was 0.6 pg/mL for DA.

Statistical analysis

All data were analyzed using SPSS for Windows. Integrated
AIMs scores and rotational behaviors recorded in different
testing sessions were analyzed using repeated-measures
ANOVA. Rota Rod performances, Cylinder Test datum, and
biochemical test results were analyzed using either paired or
unpaired #-test where proper. The P-value of less than 0.05
was statistically significant. All data were expressed as group
means + SEM.

Results
Motor abilities of the rats suffered 6-OHDA lesion

Both the seriously lesioned rats and the moderate showed a
significant decrease in motor activities. Their running time
on the rotating drum was significantly shorter than that
of rats with sham-operation, and their use of the impaired
forelimb (contralateral to the lesion) was significantly less
compared to control (Figure I).

Assessment of AIMs
Six weeks after the lesion, both the L-DOPA and APO

could elicit many visible motor responses in serious lesion

rats. Injecting APO or L-DOPA intraperitoneally for the
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first time could elicit AIMs, which included rhythmic jerks
of the forelimb contralateral to the lesion (limb dyskinesia),
torsion of axial muscles affecting the neck, trunk and tail
(axial dystonia), masticatory movements of the empty
mouth with tongue protrusion (orolingual dyskinesia), and
controversies turning behavior (locomotive dyskinesia).
After injecting 6 mg/kg L-DOPA, these AIMs peaked at 20—
90 min and subsided within 150-180 min. When the dose
of L-DOPA raised to 10 mg/kg (7 weeks after lesion) and
15 mg/kg (8 weeks after lesion), the AIM scores increased,
but the duration had minor changes (Figure 2A4,B,C). After
injecting 0.5 mg/kg APO the AIM scores reached a peak at
10-30 min and subsided within 40—-60 min (Figure 24,B,C).
The rats with moderate lesion showed no AIMs except for
rotational movements after injecting APO.

After injecting 6 mg/kg L-DOPA, the rats with serious
lesion showed rotational movements that peaked at
20-90 min and subsided within 140-160 min. When the
dose of L-DOPA raised to 10 mg/kg, even to 15 mg/kg,
the rotation speed increased, but the duration had minor
changes (Figure 2D). Injecting APO intraperitoneally
could also induce rotational movements, the rotation
speed reached the peak (4.5 turns/min) at 5-30 min, and
subsided within 40-60 min (Figure 2D,E). The rats with
moderate lesion also exhibited rotational movements after
injecting APO, and the rotation speed (9 turns/min) was
faster significantly than that of the rats with a serious lesion
(Figure 2E, P<0.05).

Dopaminergic degeneration induced by 6-OHDA

Rats were sacrificed eight weeks after the lesion. In the
rats with a serious lesion, scarcely any dopaminergic
neurons were present in the SN ipsilateral to lesion in TH-
immunostaining. In the rats with a moderate lesion, there
was only a 65-76% reduction. No changes were found in
control animals (Figure 3A4,B,C).

In the rats with the serious lesion, the tissue level of DA in
striaturmn contralateral to the lesion was 533.43+95.26 ng/mL, and
that of DA in the ipsilateral side was 5.04+2.08 ng/mL (paired
t-test, P<0.01, n=3) (Figure 3D). In control, the tissue levels
of DA were 556.10+66.58 and 516.60+118.37 ng/mL in

the contralateral and ipsilateral side, respectively. For some
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reason, the tissue level of DA in the rats with moderate
lesion did not get acquired.

Discussion

AIMs occur in vats with serious degeneration of
dopaminergic neurons

6-OHDA first produced the PD rat model in 1968 (10).
The 6-OHDA can be injected virtually anywhere along the
nigrostriatal tract and induce DA denervation in varying
severity (11). The rat models with moderate degeneration of
dopaminergic neurons simulate the early and middle stages
of PD, and the rat models with serious degeneration mimic
the late stage of PD. For rats with moderate degeneration,
the injection coordinates include SN, SN territory, and
striatum; one or multiple coordinates can be selected, and
the total dosage of 6-OHDA is 6-30 pg (12,13). For rats
with serious degeneration, the injection coordinates are
medial forebrain bundle (MFB) or in combination with SN,
and the total dosage of 6-OHDA is 8-32 pg (3-6). There is
a good correlation between the 6-OHDA dose and lesion
severity when the 6-OHDA is injected in the nigrostriatal
tract, except for MFB (14). And when injected in MFB,
the 6-OHDA can damage serotonin and noradrenergic
neurons and induce more severe and rapid lesions (14).
Therefore, the MFB has been selected as the sole or one
of the injection coordinates for inducing rat models of
dyskinesia (3-6).

For extremely serious lesions, we produce the seriously
lesioned rats by injecting 40 pg 6-OHDA (20 pg in SN
and 20 pg in MFB), which is higher than that found
in the literature. And the rats with moderate lesion
are produced by injecting 20 pg 6-OHDA in SN. TH
immunohistochemistry shows the different-degree
degeneration of dopaminergic neurons between moderately
and seriously lesioned rats, and scarcely any dopaminergic
neurons in the SN of serious-lesion rats (Figure 3C). The
determination by HPLC shows that in serious-lesion rats,
the tissue level of DA reduces about 99% in the striatum
ipsilateral to the lesion side compared with the contralateral
intact side (Figure 3D). And the tissue level of dihydroxy-
phenyl acetic acid (DOPAC, a metabolite of DA) also
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Figure 2 Dyskinesia and rotational movement were elicited by L-DOPA or APO. In (A,B,C,D), the rats of the serious lesion were injected
6, 10, 15 mg/kg L-DOPA and 0.5 mg/kg APO separately. In (A), the integrated scores of axials, limb, orolingual, and locomotive AIM
were shown. In (B) the limb AIM, in (C) the axial AIM and in (D), the contralateral turns were shown. In (E), the contralateral turns in
both serious and moderate lesion rats were showed after injecting 0.5 mg/kg APO. *, P<0.05, 6 mg/kg L-DOPA vs. 15 mg/kg L-DOPA in
(A,B,C,D); and in (E) serious lesion vs. moderate lesion. L-DOPA, levodopa; APO, apomorphine; AIM, abnormal involuntary movement.
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Figure 3 Dopaminergic degeneration in SN and striatum induced by 6-OHDA. TH immunohistochemistry in SN of rat brain (A,B,C)
shew that the rats of control (A) presented no dopaminergic neuron degeneration, and the moderate-lesion (B) and serious-lesion (C)
rats presented different-degree degeneration of dopaminergic neurons. The right side (R) is ipsilateral to the lesion side. Determination
by HPLC shows the tissue level of DA reduced about 99% in the striatum ipsilateral to the lesion side compared with the contralateral
intact side (D) in serious-lesion rats. The tissue levels of DOPAC and 5-HT were shown in the figure. SN, substantia nigra; 6-OHDA,
6-hydroxydopamine.
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Figure 4 Behavioral characters elicited by L-DOPA or APO in the rats suffered lesions of varying severity induced by 6-OHDA. When

the lesion is moderate, the greater the severity of lesion is, the faster the rotation elicited by L-DOPA or APO is, and there is no axial
AIM. When the lesion becomes serious and reaches a certain degree, the axial AIM behavior will be elicited by L-DOPA or APO, and the

greater the severity of lesion is, the slower the rotation is, and the more AIMs there will be. (hypothetic curve based on the literature and

observations from the authors). L-DOPA, levodopa; APO, apomorphine; AIM, abnormal involuntary movement.

declines in the striatum of serious-lesion rats (Figure 3D).
The behavioral testing shows that both the frequency of
use of the forelimb contralateral to lesion side and the
movement-coordination abilities decline significantly in
moderately and seriously lesioned rats (Figure I). So, we
confirm that the rats indeed have suffered moderate and
serious dopaminergic-degeneration induced by 6-OHDA.

When first elicited by L-DOPA or APO, the rats can
present AIMs and/or rotational movements. The rats
with moderate lesion by 6-OHDA (20 pg) show no AIM
except rotational movements, which are faster significantly
than that of the rats with serious lesions after injecting
APO (Figure 2E, P<0.05). The rats with serious lesions by
6-OHDA (40 pg) exhibit AIMs and rotational movements
after first injecting L-DOPA or APO (Figure 24,B,C,D).
The AIMs include axial, limb, orolingual, and locomotive
movements, extremely like the descriptions of dyskinesia in
the literature (3-6).

The relationships among lesions of varying severity elicited
agent and AIMs

The AIMs are compared to the elicited agents. In the
present study, when elicited by APO, the duration of AIMs
in both moderately and seriously lesioned rats is about
60-80 minutes. When elicited by L-DOPA of different

© Annals of Palliative Medicine. All rights reserved.

concentrations, the duration is always about 150-180
minutes in serious-lesion rats. So, the duration of AIMs may
be related to the type of agent. On the other hand, when
elicited by L-DOPA/APO, the larger the dosage of the
agent is, the more severe the AIMs are (8), and the faster
the rotation is (13). Therefore, the category and dosage of
dopamine receptor agonists can affect the AIMs elicited by
itself.

The AIMs are also compared to the degree of
dopaminergic degeneration. The 6-OHDA-lesion rats can
be regarded as successful PD model if its rotation speed is
>210 turns/30 min (7 turns/min) elicited by APO (10,14),
and the more severe the dopaminergic degeneration of
rat models is, the faster the rotation is (13). The fastest
rotation can reach 17 turns/min (8). However, when the
lesion becomes serious and reaches a certain degree, the
axial AIM will be elicited by L-DOPA or APO, and the
greater the severity of lesion is, the slower the rotation
is and the more AIMs there will be. In the present study,
the rotation speed of moderate-lesion rats is 9 turns/min
(meet the criterion for PD models), but that of serious is
only 4.5 turns/min elicited by APO. In the study of Lee
et al. (4), the DA-denervated rats with severe AIMs (AIM
score >20) present lower controversies rotation than the
rats with moderate AIMs (AIM score <20) when elicited
by L-DOPA. Therefore, there is no linear relationship
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between the rotational movement elicited by APO/L-DOPA
to the whole degrees of dopaminergic degeneration.

Based on the literature and our observations, we
speculate that the hypothetic relation-curve between
dopaminergic lesion and AIMs elicited by L-DOPA or
APO: when the lesion resulted from 6-OHDA is moderate,
the greater the severity of lesion is, the faster the rotation
elicited by L-DOPA or APO is, and there is no axial AIM;
When the lesion becomes serious and reaches a certain
degree, the axial AIM can be elicited by L-DOPA or APO,
and the greater the severity of lesion is, the slower the
rotation is and the more AIMs there will be (Figure 4).
Because the axial AIM presents a better tendency among
different degrees of damage in our research, as also exist in
Winkler’s study (8), the axial AIM was selected to represent
AlIMs in the hypothetic curve. Therefore, both dyskinesia
and rotation are the behavioral expressions elicited by
L-DOPA or APO in 6-OHDA lesion rats, and the rotation
can also be regarded as an AIM in some sense. There is
no absolute boundary between dyskinesia and rotation
behavior, which reflect the damages of different severity in
the nigrostriatal DA pathway, respectively.

There are several deficiencies in the present research,
including the absence of tissue level of DA in moderate-
lesion rats and the fewer lesion gradings leading to
inaccurate trend lines. Further studies deserve performing.

Conclusions

Both dyskinesia and rotation movement are the specific
expressions elicited by L-DOPA or APO in rats with
dopaminergic degeneration induced by 6-OHDA, which
reflect the damages of different severity, respectively. There
is no absolute boundary between dyskinesia and rotation
movement. The dyskinesia will appear when the damage
reaches a certain degree; since then, the greater the severity
of dopaminergic degeneration is, the slower the rotation is,
and the more AIMs there will be.
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