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Intrastriatal grafts of fetal ventral mesencephalon improve
allodynia-like withdrawal response to mechanical stimulation

in a rat model of Parkinson’s disease
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HIGHLIGHTS

® A 6-OHDA rat model of Parkinson’s disease showed allodynia-like withdrawal response.
® Fetal ventral mesencephalon (VM) cells were transplanted into the denervated striatum.

® The withdrawal threshold was increased in 6-OHDA rats with VM grafts.
® Transplantation of VM cells may ameliorate pain sensation in 6-OHDA rats.
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We previously reported that a unilateral 6-hydroxydopamine (6-OHDA) rat model of Parkinson’s disease
showed allodynia-like withdrawal response to mechanical stimulation of the ipsilateral side of the rat
hindpaw. The goal of this study was to investigate the effect of intrastriatal grafts of fetal ventral mes-
encephalon (VM) on the withdrawal response in 6-OHDA rats. The withdrawal threshold in response to
the mechanical stimulation of the rat hindpaw was measured using von Frey filaments. In the ipsilateral
side of the 6-OHDA lesions, the withdrawal threshold in response to mechanical stimulation significantly
increased in 6-OHDA rats with VM grafts compared with those with sham grafts, but did not change in
the contralateral side at 5 weeks after transplantation. The present results suggest that the intrastriatal
grafts of fetal VM may relieve pain sensation induced by mechanical stimulation in 6-OHDA rats.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Parkinson’s disease (PD) is well characterized by dominating
bradykinesia, rigidity, tremors, postural instability, and dementia
as clinical features [20]. Apart from parkinsonian motor symp-
toms, PD is less widely considered a disease that causes a large
variety of pain syndromes with a prevalence of ~40% [7]. Another
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recent clinical examination involving 176 home-living PD patients
showed that 146 (83%) of the patients had pain-related symptoms
[3]. However, little is known about the clinical predictors of pain
in PD, and it remains unclear whether these painful symptoms are
inherent in this disease or are caused by medication [24].

Rats with unilateral 6-hydoroxydopamine (6-OHDA) lesions
of the mesostriatal dopamine pathway have been widely used
as a rodent model for PD [26]. The 6-OHDA rat is valuable for
clarifying the mechanisms of painful symptoms in patients with
PD. The response of pain-related behaviors in this model ani-
mal is different from that in a naive control animal. Unilateral
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injections of 6-OHDA into the rat substantia nigra (SN) decreased
the flinch-jump threshold of electrical footshock [5] and the latency
of withdrawal responses in hot plate, paw pressure, and paw
immersion tests [23]. We previously reported that a unilateral 6-
OHDA-lesioned rat showed allodynia-like withdrawal response to
mechanical stimulation of the ipsilateral side of the rat hindpaw
[29]. These previous reports suggested that unilateral dopamine
depletion might cause hypersensitivity to mechanical or noxious
stimulus.

Many reports have been made in which intrastriatal grafts of
fetal ventral mesencephalon (VM) could ameliorate motor function
and neurochemical milieu in the brain of unilateral 6-OHDA-
lesioned rats [12,13,16,20,21]; however, there is no evidence that
neural transplantation affects pain-related behavior in PD model
animals. Thus, the purpose of this study was to evaluate whether
the intrastriatal transplants of fetal VM affect the allodynia-
like withdrawal response to mechanical stimulation in 6-OHDA
rats.

2. Materials and methods

Male Wistar rats (Charles River, Japan), weighting 120-130g
at the beginning of this study, were used. They were housed in
a group of three or four per cage under a 12h light/dark cycle
with free access to food and water. The experimental procedures
in this study were performed in strict adherence of the Guidelines
of the University of Miyazaki for the care and use of experimen-
tal animals and under the approval of the ethical committee of
animal experimentation at the University of Miyazaki. A unilat-
eral lesion of the left medial forebrain bundle (MFB) was made by
microinjection of 10 g 6-OHDA hydrobromide (Sigma, MA, USA)
in 5l of sterile saline containing 0.01% ascorbic acid per animal,
as previously described [12,13,15]. Stereotaxic coordinates for the
lesions were 3.3 mm rostral to the interaural line, 1.3 mm left of
the midline, and 6.8 and 6.4 mm (injected 2.5 pl each) ventral to
the dural surface [17]. Motor disturbance was assessed by counting
full-rotations per min in a cylindrical container (30 cm diameter)
at 10-min intervals for the first 60 min after methamphetamine
(3 mg/kg, i.p.) administration [21]. Behavioral screening was car-
ried out after 2 weeks of recovery, and animals that turned no
less than 5 turns/min on the methamphetamine challenge were
used as the 6-OHDA rats in the study. There was an immediate
and almost complete destruction of dopamine neurons of the SN
and of the ventral tegmental area (VTA), resulting in the near total
depletion (2% of normal) of dopamine in the striatum ipsilateral
to the 6-OHDA injections [12]. Seven and eight animals out of the
6-OHDA rats were allocated as the lesion plus VM graft group and
lesion plus sham graft group, respectively. Neural transplantation
was performed from fetal VM tissue according to the cell suspen-
sion method [4,8]. Six wl of the suspension containing 9.6 x 10°
cells from 15-day-old rat embryos was injected into two sites (3 vl
each site) of the denervated striatum: (1) AP=1.0 mm rostral to
the bregma, L=2.5mm left of midline, V=5.0 mm ventral to the
dural surface and (2) AP =0.0 mm to the bregma, L=3.2 mm left of
midline, V=5.0 mm ventral to the dural surface [22]. For animals
receiving sham grafts, 3 .l aliquots of saline alone were injected
at the same sites. All of the VM and sham grafted rats were tested
again for rotational asymmetry at 4 weeks after transplantation.

One week before and 5 weeks after transplantation, the with-
drawal threshold in response to mechanical stimulation of the rat
hindpaw was measured using von Frey filaments in normal (n=6),
lesion plus sham grafted (n=8), and lesion plus VM grafted animals
(n=7). The maximum and minimum cut-offs of the withdrawal
thresholds were set at 100 and 1 g, respectively. The withdrawal
responses using the von Frey filaments, at least two times out of
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Fig. 1. Mean numbers of rotations (+SEM) ipsilateral to 6-OHDA lesions per min
over 60 min test period in response to methamphetamine (3 mg/kg, i.p.) are shown
for lesion plus sham graft group and lesion plus VM graft group. Ipsilateral rotation
found in lesion plus VM graft group significantly decreased at 4 weeks after trans-
plantation as compared to lesion plus sham graft group (**P<0.01, two way ANOVA
with repeated measures followed by Bonferroni post hoc tests).

five applications, were defined as the threshold against mechanical
stimulation.

After the behavioral test with mechanical stimulation, these
animals were deeply anesthetized with an overdose of sodium pen-
tobarbital (i.p.) and intracardially perfused with saline followed by
4% paraformaldehyde in a 0.1 M phosphate buffer (PB) for 30 min.
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Fig. 2. Withdrawal threshold in response to mechanical stimulation of rat hind-
paw by using von Frey filaments, (A) ipsilateral and (B) contralateral to 6-OHDA
lesions and transplantation. Withdrawal threshold was examined in hindpaw bilat-
erally 1 week before and 5 weeks after transplantation for normal control rats,
lesion plus sham grafted rats, and lesion plus VM grafted rats. Results are shown
as means & SEM; *P<0.05, **P<0.01 compared to each corresponding value in nor-
mal group (two way ANOVA with repeated measures followed by Bonferroni post
hoc tests); #P<0.05 compared to each corresponding value of lesion plus sham graft
group (two way ANOVA with repeated measures followed by Bonferroni post hoc
tests).
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The brain was removed, postfixed for 1h in the same fixative
and cryoprotected in 10% sucrose for 1h and 30% sucrose in PB
overnight. Coronal serial sections at the SN and striatum, 50 pm
thick, were frozen, cut, and collected in phosphate-buffered saline
(pH 7.4) and processed for immunohistochemical staining for tyro-
sine hydroxylase (TH) as free-floating sections [15,16,29].

The data were analyzed using two way analysis of variance
(ANOVA) with repeated measures (groups x time) followed by a
Bonferroni post hoc test. P values <0.05 were regarded as being
statistically significant.

3. Results

Before transplantation, methamphetamine (3 mg/kg, i.p.)
induced strong ipsilateral rotation in the 6-OHDA-lesioned rats. In
the lesion plus sham grafted animals (n=8), methamphetamine-
induced rotation continued to be observed 8 weeks following
lesion generation. This behavior was significantly suppressed
at 4 weeks after transplantation of the intrastriatal VM grafts
(n=7) [main effect of groups, F;13=2.09, P=0.17; main effect of
time, Fy 13 =29.38, P<0.01; groups x time interaction, Fy 13=13.87,
P<0.01] (Fig. 1).

Before transplantation, the 6-OHDA rats (in both lesion plus
sham graft and lesion plus VM graft groups) showed significantly
lower withdrawal thresholds in response to mechanical stimula-
tion of the hindpaw ipsilateral to the lesion compared with the
normal control rats (Fig. 2A) but did not change in the contralat-
eral side (Fig. 2B). In the ipsilateral side of the 6-OHDA lesions,
the withdrawal thresholds in response to mechanical stimulation
was significantly increased in the 6-OHDA rats with VM grafts

compared with those with sham grafts [main effect of groups,
F18=22.92, P<0.01; main effect of time, F;13=4.87, P=0.04;
groups x time interaction, F, 13 =3.26, P=0.06] (Fig. 2A) but did not
change in the contralateral side at 5 weeks after transplantation
[main effect of groups, F,13=3.38, P=0.06; main effect of time,
F118=2.10, P=0.16; groups x time interaction, F, 13 =0.32, P=0.72]
(Fig. 2B).

Consistent with previous studies [15,16], injection of 6-OHDA
into the left MFB produced a marked reduction in TH immunore-
activity in the left SN and VTA, while there was abundant TH
immunoreactivity in these two regions contralateral to the lesion
(Fig. 3B). Similarly, TH immunoreactivity in the left striatum was
remarkably reduced, whereas immunoreactivity in the contralat-
eral side was localized in abundance for each 6-OHDA rat in the
sham graft group (Fig. 3A). The VM grafts were all located almost in
the middle part of the striatum lateromedially and surrounded by
a rich TH-positive fiber network. However, it appeared that graft-
derived fiber outgrowth was restricted to the area close to the graft
(Fig. 3C and D).

4. Discussion

The present results of the von Frey test seem to be similar to
those from our previous study in which a 6-OHDA rat elicited the
reduction in withdrawal latency in response to mechanical stim-
ulation of its hindpaw [29]. As we found for the first time in the
present study, the allodynia-like withdrawal response to mechan-
ical stimulation significantly improved in the rat hindpaw on the
ipsilateral side 5 weeks after transplantation in the lesion plus VM
graft group, whereas there was no significant change in the lesion
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Fig. 3. Immunohistochemical visualization of tyrosine hydroxylase (TH) of rats with unilateral 6-OHDA lesions plus sham grafts (A and B) or VM grafts (C and D). (A)
striatal region of sham grafted rat; (B) mesencephalon of sham grafted rat; (C) striatal region of VM grafted rat; (D) TH positive cells at higher magnification in VM graft.
Lesioned/grafted side is on left in each section of (A-C). Boxed area in panel C is shown at high magnification in panel D. Scale bars=1 mm (A-C), 100 wm (D).



22 R. Takeda et al. / Neuroscience Letters 573 (2014) 19-23

plus sham graft group. These findings suggest that the intrastriatal
transplants of fetal VM in unilateral 6-OHDA-lesioned rats could
ameliorate not only motor but also sensory dysfunction in noci-
ceptive processing.

Asreviewed by Hagelbergetal.[10], striatal dopamine D2 recep-
tors are involved in the regulation of pain in humans. Positron
emission tomography indicated that low D2 receptor availability
in the striatum of healthy subjects (indicating either a low den-
sity of D2 receptors or a high synaptic concentration of dopamine)
is associated with a high cold pain threshold and a low capacity
to recruit central pain inhibition by conditioned stimulation [10].
They also indicated that patients with chronic orofacial pain have
higher D2 receptor availability than their age-matched controls.
Unilateral 6-OHDA lesions of the mesostriatal dopamine pathway
cause striatal upregulation of D2 receptors in rats, which is evident
even at 3 days after 6-OHDA lesions [14]. The upregulation of D2
receptors caused by 6-OHDA lesions can be reversed by intrastri-
atal dopamine-rich grafts of fetal VM [25]. In VM grafted striatum,
the extracellular concentration of dopamine was restored to 67%
from 2% of normal in our previous study [12], which was car-
ried out with similar methods as those in the present study. The
restoration of dopamine levels might contribute to the reversal of
D2 receptor upregulation, at least in part, in VM grafted striatum.
Taken together, the present results are consistent with the previ-
ous findings, in which dopamine depletion and its restoration in the
mesostriatal system affect the withdrawal response to mechanical
stimulus.

However, the mechanisms of allodynia-like behavior on the
side ipsilateral to the 6-OHDA lesions remain unclear. We are cur-
rently focusing on another possibility, unilateral impairment of
the descending cathecholaminergic system involved in the A11
area. Because A11 descending fibers predominantly uncross [11,27]
and the A11 cell group may provide a major source of dopami-
nergic innervation of the spinal cord that affects somatosensory
processing [9], it can be speculated that the unilateral 6-OHDA
lesions affect the impairment of the descending inhibition system
involved in the A11 area, eliciting allodynia-like behavior on the
side ipsilateral to the 6-OHDA lesions.

Both dopaminergic and nondopaminergic neurotransmissions
may be involved in these mechanisms. The basal ganglia, specifi-
cally the striatum, are among the neuronal structures with highest
concentrations of endogenous opiates and their receptors, which
may be relevant to the mechanisms of endogenous analgesia [2].
The 6-OHDA lesioning decreases striatal opioid (., §, k) binding site
density, increases proenkephalin mRNA, and decreases prodynor-
phin mRNA [28]. Tissue levels of substance P and neurokinin A have
been reported to decrease in the SN and/or striatum in 6-OHDA
rats, and simultaneous increases in both tissue and extracellu-
lar concentrations of GABA have been reported in the denervated
striatum [18]. Therefore, alteration in these peptides (enkephalin,
dynorphin, substance P, neurokinin A) and GABA activities in the
mesostriatal system may have some effect on the alteration in the
withdrawal response to mechanical stimulation in 6-OHDA rats.
Transplantation of fetal nigral cells was reported to reverse the
6-OHDA lesion-induced alteration of preproenkephalin, prodynor-
phin, and preprotachykinin mRNA levels [1,6] and Met-enkephalin
levels [19]. From the present study, the nondopaminergic neuro-
modulation due to intrastriatal transplantation might be related to
the reversal of the allodynia-like withdrawal response in 6-OHDA
rats.

Although further studies are needed to elucidate the role of
the dopaminergic and nondopaminergic systems involved in sen-
sory and/or motor processing in mesostriatum, we demonstrated
that intrastriatal dopaminergic transplants might have, at least in
part, a therapeutic potential to mitigate pain-related symptoms in
PD.
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