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1 INTRODUCTION
Well established unilateral 6-hydroxy dopamine (6-OHDA) lesion in the nigrostriatal pathway is a widely used
rodent model for Parkinson’s Disease (PD). The destruction of dopaminergic cells accounts for robust and
permanent changes in behavioral and biomarker readouts e.g. asymmetric amphetamine induced rotations and
depletion of total striatal dopamine that reflect the motor deficits seen in PD. However, in striatal 6-OHDA
injections the lesion size and its specific location has a major effect on the dopaminergic cell loss. This variability
between the animals causes variation which drives the use of higher group sizes for efficacy testing. In this
study several readouts were combined for early detection of lesion development (Figure 1).

Figure 1. Study outline.

2 MATERIALS AND METHODS
All animal experiments were performed as specified in the license authorized by the national Animal Experiment
Board of Finland.

Surgery: A total of 25 male CD rats weighing 200-250 g were used in this study. Unilateral striatal infusion of 6-
OHDA (20 µg/rat, n=15) or saline (n=10) as control was performed.

MRI: The lesion volume and location can be detected with MRI within the first 3 days after the lesion (Kondoh et
al Exp Neurol. 2005). Here, the lesion size, location and tissue viability was assessed with MRI T2-weighted
imaging (Multi-slice multi-echo (MSME) sequence, TR 2.5 s, 13 echo-times 9-117 ms in 9 ms steps) on D1 using
a horizontal 7T MRI scanner with bore size 160 mm (Bruker Biospin GmbH, Ettlingen, Germany). Eighteen
coronal slices of 1 mm thickness were acquired using field-of-view 24x24 mm2 and 256x128 imaging matrix. 1H-
MRS data was collected from a voxel placed in the striata (both sides acquired separately) of the rat based on
the anatomical reference images collected as described above. A PRESS sequence (TE = 11 ms) was used to
collect 512 excitations (frequency corrected for each average) with TR of 2 s, number of points 4096 and
spectral width 5 kHz.

Rotometer: Asymmetric amphetamine induced rotation behavioral tests were performed to detect functional
deficits at 3 days, 2 weeks and 4 weeks after the 6-OHDA injection. Motor asymmetry was monitored in
automated rotometer bowls (TSE Systems, Germany) for 60 min after injection of amphetamine (2.5 mg/kg i.p.).
The rotation asymmetry score for each test is expressed as ipsiversive rotations during monitoring period.

Cylinder: The cylinder test was used to quantify the forelimb use asymmetry. The rats were monitored as they
move freely in their home cage and forelimb use (contacts) against wall were recorded by a blinded observer
(20 contacts / animal).

PET: Rats were premedicated with MAO (carbidopa, 10 mg/kg, i.p., -30 min) and COMT (entacapone, 10 mg/kg,
i.p., -30 min) inhibitors, to prevent extensive metabolism of tracer in peripheral tissues. PET scan was started
and 18F-FDOPA (ca. 45 MBq) was administrated 30 seconds after the start of the scan as a bolus. List mode
PET scan for 60.5 min was performed. Images were manually aligned to standard rat brain MRI-template using
PMOD software (v3.7). The tissue input uptake rate constant (Kocc) were calculated for both striata when
cerebellum was used as reference tissue.

HPLC & ex vivo NMR: Dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA) and
serotonine concentrations in striatal tissue samples were determined using HPLC (Infinity II 1260, Agilent) with
electrochemical detection (Lablogic Systems Ltd.). The frozen striatal samples were homogenized in (1:10, w/v)
0.1 M acetic acid, 1 mM oxalic acid, 3 mM L-cysteine - 0.2 M perchloric acid mixture (1:6), centrifuged and
supernatants were used for analysis. The concentrations of analytes were calculated using external standards
and expressed as pg/g wet tissue. Remaining supernatant was neutralized and lyophilized before being
dissolved in D2O for ex vivo NMR spectroscopy (Bruker Avance AVIII).

TH IHC: The TH staining (chicken anti-TH) was performed on cryosections using standard procedure:
rehydration, permeabilization, blocking and overnight incubation with primary antibody at RT. The following day,
the sections were washed and incubated with a secondary antibody followed by washing, counterstain with
0.3% Sudan Black B, and mounting with ProLong Gold with DAPI. The stained sections were scanned (Olympus
VS120) and analyzed (Visiopharm). The cells of interest were counted with an APP (Analysis Protocol Package)
designed to detect and count TH positive cells from a selected area/region of interest (SNpc).

Figure 2. In vivo Imaging. A) Coronal MRI T2
images of rats with sham, successful lesion
and incomplete 6-OHDA lesion on D1 after the
surgery. Needle injection track is clearly visible
on the right cortex and lesion is in the right
striatum. Incomplete injection shows traces of
lesion in the cortex. B) PET images of rats
with sham, successful lesion and failed 6-
OHDA lesion (R14) on D21 after the surgery.
Images in horizontal plane. C) The lesion
volume was quantified (15.9 ± 1.8 mm3, mean
± SEM). D) The viability of tissues was
determined from T2 time. 6-OHDA lesioned
animals had increased T2 time compared to
sham animals. Only the animals with
quantifiable lesion were included in the
results. E) Tissue input uptake rate constant
(Kocc) was reduced in the 6-OHDA lesioned
striatum. The unsuccessful lesion (R14)
highlighted with a red circle.

Figure 3. A) The development of unilateral defect can be followed with amphetamine induced rotation
measurement (two-way ANOVA, n = 10 SHAM, n = 12 6-OHDA). B) Cylinder test on D13 after the surgery. 6-
OHDA lesioned animals have reduced use of fore limb controlled by the lesioned hemisphere compared to sham
animals. (t-test, n = 10 SHAM, n = 12 6-OHDA). The unsuccessful lesion (R14) highlighted with a red circle.

Figure 4. Dopamine (DA) and its metabolites DOPAC and HVA along with serotonin (5-HT) concentrations in left
(A) and right (B) striatum on D37 after the 6-OHDA injection into the right striatum (multiple t-test). Incomplete
lesion (R14) highlighted with a red circle.
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Early screening of the 6-OHDA lesion size can reduce the model’s variability and
improve the data quality for efficacy testing in drug development for PD. The traditionally
used rotometer test with amphetamine challenge on D14 is not sensitive enough to
capture all lesioned animals. Interestingly, incomplete lesion in a single animal (R14)
showed a reduced total DA concentration but did not induce behavioural changes nor
reduction of TH-positive cells in substantia nigra, indicating that a rat is able to maintain
its motor functionality even with reduced striatal dopamine. The depletion of
dopaminergic cells in substantia nigra reflects more into the motor functionality.

Based on our results, MRI scanning shows superior sensitivity to screen lesion
development as early as on D1 after the surgical procedure in the 6-OHDA model,
correlating also with the other traditional biomarker readouts, and can reduce variability
in 6-OHDA model studies.

In vivo imaging. MRI-imaging could be efficiently applied to distinguish successful and incomplete 6-OHDA
lesions, as well the size and location of the lesion. One animal (R14) with unsuccessful lesion is highlighted with a
red circle throughout the results. Needle injection track is clearly visible on the right cortex and lesion is in the right
striatum. Failed injection shows traces of lesion in the cortex. Images in coronal plane. (Figure 2A, Figure 2B). The
T2 time, for tissue viability, was higher in 6-OHDA rats. However, only two SHAM animals had detectable lesion
(Figure 2C). PET imaging was used to detect dopaminergic pathway (Figure 2D). Reduced 18F-FDOPA-uptake
was seen in 6-OHDA lesioned striatum and KOCC-values were reduced to half of SHAM animals. R14 had similar
KOCC-values as SHAM animals (Figure 2E).

In vivo and ex vivo NMR spectroscopy of metabolites in striatum showed only minimal changes between SHAM
and 6-OHDA animals 5 weeks after the lesion. Myoinositol (12% increase left/right striatum values, t-test, p > 0.05,
n = 6 SHAM, n = 14 6-OHDA) was the only readout which was increased in lesioned striatum in in vivo MRS. No
changes were detected in ex vivo NRM (data not shown).

Behavioral data. Rotometry, a commonly used behavioural assay in the 6-OHDA model, was not able to detect
animals with good striatal lesions from the unsuccessfully lesioned animal (R14) on D3 and D14 (Figure 3A).
Cylinder test on D13 was able to pick up the reduced use of affected forepaw. Also, R14 stands out from the other
animals (Figure 3B).

HPLC and TH-IHC. Analysis of total DA and metabolites (DOPAC and HVA) showed defects in dopaminergic
homeostasis of the 6-OHDA lesioned animals. No change was observed on contralateral (left) striatum (Figure
4A). Interestingly, a partial damage was seen in the dopamine concentration of R14 as reduced to half of SHAM
animals (Figure 4B). IHC staining of TH-positive cells follow the HPLC results with the exception that the
estimated cell population is not reduced in R14 (Figure 5).
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Figure 5. A) Example images of TH staining (green
fluorescent detection); SHAM (left) and 6-OHDA
lesioned (right) rat. Decrease in TH positive cells can
be visually observed in the sections (4x mag.). B)
Estimated TH-positive cell count in substantia nigra on
D36 after lesioning (multiple t-test, n = 10 SHAM, n =
15 6-OHDA. Incomplete lesion (R14) highlighted with
red a circle.
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