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Abstract
Spontaneous cerebellar hemorrhage (SCH) represents approximately 10% of all intracerebral
hemorrhage (ICH), and is an important clinical problem of which little is known. This study
stereotaxically infused collagenase (type VII) into the deep cerebellar paramedian white matter,
which corresponds to the most common clinical injury region. Measures of hemostasis (brain
water, hemoglobin assay, Evans blue, collagen-IV, ZO-1, and MMP-2 and MMP-9) and
neurodeficit were quantified twenty-four hours later (Experiment 1). Long-term functional
outcomes were measured over thirty days using the ataxia scale (modified Luciani), open field,
wire suspension, beam balance and inclined plane (Experiment 2). Neurocognitive ability was
assessed on the third week using the rotarod (motor learning), T-maze (working memory) and
water-maze (spatial learning and memory) (Experiment 3), followed by a histopathological
analysis one week later (Experiment 4). Stereotaxic collagenase infusion caused dose-dependent
elevations in brain edema, neurodeficit, hematoma volume and blood-brain barrier rupture, while
physiological variables remained stable. Most functional outcomes normalized by third week,
while neurocognitive testing showed deficits parallel to the cystic-cavitary lesion at thirty days.
All animals survived until sacrifice, and obstructive hydrocephalus did not develop. These results
suggest that the model can generate important translational information about this subtype of ICH,
and could be used for future investigations of therapeutic mechanisms after cerebellar hemorrhage.
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1. Introduction
Spontaneous (non-traumatic) cerebellar hemorrhage (SCH) results from the rupture of blood
vessels within the cerebellum. SCH is a type of intracerebral hemorrhage (ICH) with an
incidence of 1 in 33000 people every year, and accounts for 200,000 (10%) of around 2
million worldwide ICHs (Flaherty et al., 2005; Qureshi et al., 2009). Uncontrolled
hematomal expansion causes abrupt ataxic neurological deterioration in nearly half of
initially alert hospitalized patients (Rosenberg and Kaufman, 1976; St Louis et al., 1998)
leading to a 40% mortality rate despite contemporary imaging and surgical methods
(Flaherty et al., 2006; Hill and Silver, 2001). Almost 50% of these survivors will retain some
cognitive deficits across motor-learning and visuospatial domains (Baillieux et al., 2008;
Dolderer et al., 2004; Kelly et al., 2001; Strick et al., 2009).

The pathophysiological basis of SCH is poorly understood despite surgical approaches that
presently diverge from all other forms of ICH (Jensen and St Louis, 2005; Mendelow and
Unterberg, 2007); and this underscores the need for translational research (NINDS, 2005).
Our preliminary report demonstrated the feasibility of collagenase-induced intracerebellar
hemorrhage (Lekic et al., 2008). We had used a modification of an established (basal
ganglia) ICH model (Rosenberg et al., 1990) that circumvented the hematomal dissections
outside rodent cerebella which had complicated autologous blood injection approaches in
this brain region previously (Cossu et al., 1991; Cossu et al., 1994).

While each experimental approach possesses drawbacks, the strength of collagenase-
induced ICH resides with therapeutic investigations of hemostasis, neurobehavior, and
histopathology (Andaluz et al., 2002; Foerch et al., 2008; Hartman et al., 2009; MacLellan et
al., 2008; Rosenberg et al., 1990; Thiex et al., 2004). Therefore this study hypothesized that
a rodent model of stereotaxic collagenase infusion could be used for translational purposes
to extend the pathophysiological understanding of hematomal growth, brain edema,
neurological deficit and brain atrophy after cerebellar hemorrhage (Baillieux et al., 2008;
Dolderer et al., 2004; Kelly et al., 2001; Rosenberg and Kaufman, 1976; St Louis et al.,
1998; Strick et al., 2009).

2. Materials and Methods
2.1 The Animals and Operative Procedure

Ninety-six adult male Sprague-Dawley rats (290–345g; Harlan, Indianapolis, IN) were used.
All procedures were in compliance with the Guide for the Care and Use of Laboratory
Animals and approved by the Animal Care and Use Committee at Loma Linda University.
Aseptic technique was used for all surgeries. Rats were anesthetized with isoflurane (4%
induction, 2% maintenance, 70% N2O and 30% O2) and secured prone onto a stereotaxic
frame (Kopf Instruments, Tujunga, CA) before making an incision over the scalp. The
following stereotactic coordinates were then measured from bregma, to locate the deep
cerebellar (paramedian) white matter tract: 11.6 mm (caudal), 2.4 mm (lateral), and 3.5 mm
(deep). A borehole (1 mm) was drilled, and then a 27-gauge needle was inserted.
Collagenase type VII (0.2 U/µL, Sigma, St Louis, MO) was infused by microinfusion pump
(rate=0.2 µL/min, Harvard Apparatus, Holliston, MA). The syringe remained in place for 10
minutes to prevent back-leakage before being withdrawn. Then the borehole was sealed with
bone wax, incision sutured closed, and animals allowed to recover. Control surgeries
consisted of needle insertion alone. A thermostat-controlled heating blanket maintained the
core temperature (37.0±0.5°C) throughout the operation. The animals were given free access
to food and water upon recovery from anesthesia.
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2.2 Experiment 1: Early Brain Injury at 24 Hours
2.2.1 Brain Water Content—Water content was measured using the wet-weight/ dry-
weight method (Tang et al., 2004). Quickly after sacrifice the brains were removed and
tissue weights were determined before and after drying for 24 hours in a 100°C oven, using
an analytical microbalance (model AE 100; Mettler Instrument Co., Columbus, OH) capable
of measuring with 1.0µg precision. The data was calculated as the percentage of water
content: (wet weight − dry weight)/wet weight × 100.

2.2.2 Neuroscore—The composite neuroscore is a value of sensorimotor function
consisting of the combined averages from wire suspension, beam balance and inclined plane
(Colombel et al., 2002; Fernandez et al., 1998). The ataxic neuroscore is a modification of
the Luciani scale, a summation of scores (maximum=9) measuring: body tone, limb-
extension, and dyscoordination (Baillieux et al., 2008). Values are expressed as percent of
sham; further details are provided (Experiment 2) below.

2.2.3 Animal Perfusion and Tissue Extraction—Animals were fatally anesthetized
with isoflurane (≥%5) followed by cardiovascular perfusion with ice-cold PBS for the
hemoglobin and Evans blue assays, and immunoblot analyses. The cerebella were then
dissected and snap-frozen with liquid-nitrogen and stored in −80°C freezer, before
spectrophotometric quantifications or protein extraction.

2.2.4 Hemorrhagic Volume—The spectrophotometric hemoglobin assay was performed
as previously described (Tang et al., 2004), where extracted cerebellar tissue was placed in
glass test tubes with 3 mL of distilled water, then homogenized for 60 seconds (Tissue Miser
Homogenizer; Fisher Scientific, Pittsburgh, PA). Ultrasonication for 1 minute lysed
erythrocyte membranes, then centrifuged for 30 min, and Drabkin's reagent was added
(Sigma-Aldrich) into aliquots of supernatant which reacted for 15 min. Absorbance, using a
spectrophotometer (540 nm; Genesis 10uv; Thermo Fisher Scientific, Waltham, MA), was
calculated into hemorrhagic volume on the basis of a standard curve (Choudhri et al., 1997).

2.2.5 Physiological Variables and Vascular Permeability—Under general
anesthesia (operatively), the right femoral artery was catheterized for physiological
variables, and re-assessed 24 hours later on the left side, followed by 2% intravenous Evans
blue injection (5 mL/kg; 1 hr circulation). Extracted cerebellar tissue was weighed,
homogenized in 1 mL PBS, then centrifuged for 30 minutes. After which 0.6 mL of the
supernatant was added with equal volumes of trichloroacetic acid, followed by overnight
incubation and re-centrifugation. The final supernatant underwent spectrophotometric
quantification (615 nm; Genesis 10uv; Thermo Fisher Scientific, Waltham, MA) of
extravasated dye, as described (Saria and Lundberg, 1983).

2.2.6 Western Blotting—As routinely done (Tang et al., 2004), the concentration of
protein was determined using DC protein assay (Bio-Rad, Hercules, CA). Samples were
subjected to SDS-PAGE, then transferred to nitrocellulose membrane for 80 minutes at 70 V
(BioRad). Blotting membranes were incubated for 2 hours with 5% nonfat milk in Tris-
buffered saline containing 0.1% Tween 20 and then incubated overnight with the following
primary antibodies: anti-collagen IV (1:500; Chemicon, Temecula, CA), anti-zonula
occludens (ZO)-1 (1:500; Invitrogen Corporation, Carlsbad, CA), anti-matrix
metalloproteinase (MMP)-2 and anti-matrix metalloproteinase (MMP)-9 (1:1500; Millipore,
Billerica, MA). Followed by incubation with secondary antibodies (1:2000; Santa Cruz
Biotechnology) and processed with ECL plus kit (Amersham Bioscience, Arlington Heights,
Ill). Images were analyzed semiquantitatively using Image J (4.0, Media Cybernetics, Silver
Spring, MD).
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2.3 Experiment 2: Functional Outcome over Thirty Days
Animals were assessed with a battery of tests. The modified Luciani scale (3=severe,
2=moderate, 1=mild, 0=none) was a summation of scores (maximum=9) given for (a)
decreased body tone, (b) ipsilateral limb-extensions, and (c) dyscoordination (Baillieux et
al., 2008). For locomotion, the path length in open-topped plastic boxes (49cm-long,
35.5cm-wide, 44.5cm-tall) was digitally recorded for 30 minutes and analyzed by Noldus
Ethovision tracking software (Hartman et al., 2009). For sensorimotor function, the falling
latency was recorded (60 second cut-off) when all four limbs animals were placed
perpendicularly onto a stationary horizontal beam balance (50cm-length, 5cm-diameter) or
as the forelimbs grasped onto the wire suspension (40cm-length, 3mm-diameter) (Colombel
et al., 2002). The inclined plane consisted of a box (70cm-long, 20cm-wide, 10cm-tall) with
an analog protractor and hinged base, elevated at 5 degree intervals until the animal slipped
backwards (Fernandez et al., 1998).

2.4 Experiment 3: Neurocognitive Assessment at Third Week
Higher-order brain function was assessed using several different tests. For the rotarod task, a
motor-learning paradigm was assessed by comparing pre-operative performance with four
daily blocks on the third week after injury at days 21, 23, 25, and 27 (Hartman et al., 2009;
Lekic et al., 2010). The apparatus consisted of a horizontal rotating cylinder (7cm-diameter
× 9.5cm-wide, acceleration= 2 rpm/ 5 sec) requiring continuous walking to avoid falling,
which was recorded by photobeam-circuit (Columbus Instruments). The T-Maze assessed
short-term (working) memory (Hughes, 2004). Rats were placed into the stem (40 cm × 10
cm) of a maze and allowed to explore until one arm (46 cm × 10 cm) was chosen. From the
sequence of ten trials, of left and right arm choices, the rate of spontaneous alternation (0%
= none and 100% = complete, alternations/ trial) was calculated (Fathali et al., 2010; Zhou et
al., 2009). For the Morris water-maze task, spatial learning and memory was assessed over
four daily blocks on days 22, 24, 26 and 28 (Hartman et al., 2009; Lekic et al., 2010). The
apparatus consisted of a metal pool (110cm diameter), filled to within 15cm of the upper
edge, with a platform (11cm diameter) for the animal to escape onto that changed location
for each block (maximum=60sec /trial), and digitally analyzed by Noldus Ethovision
tracking software. Cued trials measured place learning with the escape platform visible
above water. Spatial trials measured spatial learning with the platform submerged and probe
trials measured spatial memory once the platform was removed.

2.5 Experiment 4: Histopathological Analysis
Thirty days after collagenase infusion, the animals were fatally anesthetized with isoflurane
(≥%5) followed by cardiovascular perfusion with ice-cold PBS and 10% paraformaldehyde.
Brains were removed and postfixed in 10% paraformaldehyde then 30% sucrose (weight/
volume) for 3 days. For all neuropathological analyses 10µm thick coronal sections were cut
every 500 µm caudally on a cryostat (Leica Microsystems LM3050S), then mounted on
poly-L-lysine-coated slides and stained. Morphometric analysis of cresyl violet slides
involved computer-assisted (ImageJ 4.0, Media Cybernetics, Silver Spring, MD) hand
delineation of the ventricles (lateral, third, cerebral aqueduct, and fourth), brainstem,
cerebellum (ipsilateral and contralateral), cerebellar layers (white matter, molecular and
granular) and lesioned area (cavity, cellular debris). Borderlines were based on criteria
defined from stereologic studies using optical dissector principles (Andersen et al., 1992;
Korbo et al., 1993; Oorschot, 1996). Brain volumes were calculated with established
protocols: (Average [(Area of coronal section) − (lesion area)] × Interval × Number of
sections) (Lekic et al., 2010; MacLellan et al., 2008). Purkinje cells were blindly counted in
the viable (non-lesioned) brain tissues in accordance with standard technique (Schmidt et al.,
2007; Song et al., 2007). To account for variant Purkinje densities in different folia, these
neurons were counted at 200X magnification in fifteen representative areas (500 µm × 500
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µm grids) per cerebellar hemisphere of the section with maximal hematoma diameter (Lekic
et al., 2010). These measurements were twice repeated, averaged and expressed as the
relative number of neurons per millimeter (mm) of folia.

2.6 Statistical Analysis
Statistical significance was considered at P<0.05. Data was analyzed using analysis of
variance (ANOVA), with repeated-measures (RM-ANOVA) for long-term neurobehavior.
Significant interactions were explored with conservative Scheffe post hoc test, T-test
(unpaired) and Mann-Whitney rank sum test when appropriate.

3. Results
3.1 Experimental Model of Cerebellar Hemorrhage

Systemic physiological variables were stable during and after the surgical procedure (see
Table). Within 30 minutes after awaking from anesthesia, the collagenase infused animals
exhibited ataxic gaits, ipsilateral limb extensions and decreased body tone. Pathological
examinations at 24 hours revealed right cerebellar hemispheric hematomas surrounded with
vasogenic edema, without subarachnoid or subdural bleeding and without ventricular
obstruction, in spite of substantial amounts of bleeding (Fig. 1B and 1C). All animals
survived though the end of the study and obstructive hydrocephalus did not develop.

3.2 Experiment 1: Early Brain Injury at 24 Hours
Unilateral collagenase infusion led to dose-dependent elevations of brain water,
sensorimotor (composite neuroscore) deficit, hematoma volume, and vascular permeability
(P<0.05, Fig. 2A–D). Immunoblots show significant elevation of MMP-2 and -9, and
degradation of collagen-IV and ZO-1 (P<0.05, Fig. 2E).

3.3 Experiment 2: Functional Outcome over Thirty Days
Infusion of collagenase (0.6 units) led to significant ataxic (modified Luciani), locomotor
(open field) and sensorimotor (wire suspension, beam balance, inclined plane) deficits over
the first week after injury (P<0.05, Fig. 3A–F). Body weight remained stable (P>0.05) and
most functional parameters recovered by three weeks after collagenase infusion, with the
exception of inclined plane performance that showed only marginal change (P<0.05, Fig.
3F).

3.4 Experiment 3: Neurocognitive Assessment at Third Week
Collagenase infused (0.6 units) animals performed significantly worse than controls across
all post-operative rotarod (motor) testing blocks (P<0.05, Fig. 4A) and were unable to
improve upon their pre-operative performance (P>0.05), while, the controls improved their
performance with each block (P<0.05). The T-Maze showed significant working memory
differences (P>0.05, Fig. 4B), while for the water-maze, all groups performed the cued trials
(place learning) equally (P>0.05, Fig. 4C). On the spatial blocks, however, collagenase
infused animals performed significantly worse than controls (P<0.05), and were unable to
improve upon the cued trials (P>0.05). As expected, the controls performed better with
subsequent blocks (P<0.05) and with the overall spatial probe (memory trials; Fig. 4D).

3.5 Experiment 4: Histopathological Analysis
The topographic distribution of the lesion extended with a Gaussian distribution surrounding
the level of injection at the paramedian white matter (11.6 mm caudal from bregma, Fig.
5A). The ipsilateral (right) cerebellum had an atrophic loss of brain tissue volume (P<0.05)
without affecting the brainstem or contralateral side (P>0.05 Fig. 5B and 5C). All ventricles
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remained patent and were unchanged in size (P>0.05, Fig. 5D). The cystic cavitary lesion
diminished the cerebellar layers almost uniformly (P>0.05, Fig. 5E): white matter (60%
±10.6), molecular (53.1% ±9.8), and granular (67.8% ±14.2) without any significant
atrophic differences between them. Purkinje cell density was decreased bilaterally, with the
greatest diminishment on the ipsilateral (peri-lesion) side (P<0.05, Fig. 5F).

4. Discussion
An important translational research priority is the characterization of appropriate
intracerebral hemorrhage (ICH) models (NINDS, 2005). Autologous blood or collagenase
injection into the basal ganglia region of rodents represent the most common experimental
approach for studying this condition (Andaluz et al., 2002; MacLellan et al., 2008; Xi et al.,
2006). However, basal ganglia hemorrhage is a deep cerebral bleeding subtype, that as a
group (basal ganglia, thalamus, and internal capsule), comprise no more than half of all
cases (Flaherty et al., 2005), and animal models that represent the spectrum of ICH are
highly needed (Gong et al., 2004; Song et al., 2007). Therefore this current study aimed to
further establish a reproducible model of spontaneous cerebellar hemorrhage using
stereotaxically injected collagenase (Lekic et al., 2008). This experimental paradigm could
test therapeutic strategies for preventing the acutely devastating neurological deteriorations
seen in patients (Jensen and St Louis, 2005; St Louis et al., 1998), and the application of
cytoprotective interventions could further improve upon the lesion size and long-term
neurological deficit of the survivors (Dolderer et al., 2004; Kelly et al., 2001; Okauchi et al.,
2009; Strick et al., 2009; Thach, 1996).

Clinically, uncontrolled hematomal expansion (vasogenic edema and re-bleeding) will
necessitate surgery in nearly half of the hospitalized cerebellar hemorrhage patients
(Rosenberg and Kaufman, 1976; St Louis et al., 1998); and this infratentorial location is an
independent predictor of poor prognostic outcome (Hemphill et al., 2001). The (Class I)
recommendation for a surgical approach after cerebellar hemorrhage differs from ICH in all
other brain regions (Broderick et al., 2007) and highlights the unique pathophysiological
aspects of this cerebellar disease (Mendelow et al., 2005). In-vitro studies further reveal
divergence of injury mechanisms when comparing cerebellar with cortical neuronal cultures
(Scorziello et al., 2001). In agreement, the wide-spread use of anticoagulants has been
shown to disproportionately increase the rate of hemorrhage into the cerebellum compared
with other brain regions (Flaherty et al., 2006). Our cerebellar hemorrhage model is
therefore especially important, since collagenase infusion effectively evaluates hemostatic
mechanisms with warfarin and tPA anticoagulation (Foerch et al., 2008; Thiex et al., 2004).
Future experimental studies targeting hemostasis after cerebellar collagenase infusion in rats
could translate into treatment strategies that improve the clinical course in conjunction with
surgery (Broderick et al., 2007).

For intracerebral hemorrhage, the control of hemostasis is related both to the therapeutic
approaches (Steiner and Bosel, 2010) and the propensity for injury through anticoagulant-
use (Prabhakaran et al., 2010). The hemostatic findings in this study were found to stand in
agreement with experimental basal ganglia ICH in rats with regards to collagenase-induced
brain edema, hematoma volume, blood-brain barrier rupture, and MMP-(2 and 9) activations
(Power et al., 2003; Rosenberg and Navratil, 1997; Wang and Tsirka, 2005). Although
western blotting demonstrated relative changes in protein expression of these matrix-
metalloproteases, the gel zymography technique better defines their enzymatic activity, and
future mechanistic studies should evaluate these molecular processes further as possible
venues for improving outcomes after SCH.
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On the other hand, this experimental model diverged from basal ganglia ICH, in failing to
produce significant 24 hour sensorimotor and ataxia deficits with the typical collagenase
dose of 0.2 units (MacLellan et al., 2008). This was circumvented for the long-term studies
by choosing 0.6 units of collagenase to achieve a greater initial injury. This dose
approximates that which was shown to avoid neurotoxicity in rodents (Matsushita et al.,
2000), although cell death appears to be a less significant factor after cerebellar hemorrhage
as compared to most other brain regions (Qureshi et al., 2003).

Collagenase infusion (0.6 units) yielded long-term neurobehavioral patterns that were very
analogous with clinical reports after cerebellar hemorrhage in humans. Our study
demonstrated that most neurological impairments resolved over the first three weeks of
assessments, while motor-learning (rotarod) and cognitive ability (water-maze) remained
impaired at one month after injury. In agreement, almost one-half of survivors from
cerebellar hemorrhage will retain long-term deficits across motor-learning and visuospatial
neurocognitive domains, even after full rehabilitation from ataxic losses of coordination,
muscle tone, and overall strength (Baillieux et al., 2008; Dolderer et al., 2004; Kelly et al.,
2001; Strick et al., 2009). On the other hand, our finding of marginal hind-limb recovery
(inclined plane) was divergent from these clinical manifestations. This is possibly a rodent-
specific feature, due to the central placement of our cerebellar lesion that anatomically
occupies the hind-limb control region; while the forelimb neurons are located more
peripherally in the rodent cerebellum (Peeters et al., 1999). Future studies should apply
therapeutic strategies, while extending the later neurobehavioral time-points, to better
determine the reversibility of hind-limb function, cognitive ability and for translational
application (Hua et al., 2006).

Neurobehavioral outcomes need to be correlated to a histopathological lesion, as a
morphological measure of brain injury (Felberg et al., 2002; Hua et al., 2002). The
cerebellum is organized into a geometric lattice with one-tenth the cerebral cortical volume,
but four times the neuronal amount (Andersen et al., 1992). Thirty days after collagenase
infusion, we found a well circumscribed cystic-cavitary lesion within the right cerebellum.
The atrophy was focal and did not affect the contralateral side, similar to basal ganglia
hemorrhage using rats (MacLellan et al., 2008). There also wasn’t any difference between
percent atrophy of the individual cerebellar layers; however, the early contralateral
spreading of edema was followed by a bilateral loss in Purkinje cell density one month later.
Since purkinje cells are the primary output of the cerebellum (Baillieux et al., 2008), this
neuronal group could be an additional contributor to the cognitive deficits in addition to the
atrophic lesion alone. Taken together, these neuronal tissue losses represent a huge
opportunity for neuroprotection strategies.

Cerebellar stroke is a human disease where clinical symptoms can be mapped to an acute
lesion in a previously healthy cerebellum. In the past, these clinical cases have allowed
investigators to better understand the functional and morphological aspects of cerebellar
recovery (Timmann et al., 2009). To date, rats undergoing hemicerebellectomy (HCb) had
been the experimental correlates to this clinical cerebellar injury paradigm (Leggio et al.,
2000). As an extension, our results indicate that collagenase infusion produces a lasting
focal lesion and neurobehavioral profiles similar to cerebellar stroke patients. This approach
overcomes several complications associated with rodent HCb, such as animal mortality and
profound weight loss (Colombel et al., 2002). Therefore, future applications of collagenase
infusion can have broad translational implications for cerebellar study.
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5. Conclusion
We have characterized the early brain injury, neurobehavioral profiles, and histopathology
in a highly reliable and easily reproducible experimental model of cerebellar hemorrhage in
rats. Therapeutic strategies that mitigate the mass effect (brain edema and hematomal
growth) and promote lasting neuroprotection (neurobehavioral and atrophic recovery) could
lead to clinical approaches that afford these patients better outcomes in the future (Qureshi
et al., 2009; Xi et al., 2006). These findings therefore provide a basis for characterizing the
pathophysiological features of this disease, and establish a foundation for performing further
preclinical therapeutic investigation.

Highlight

Spontaneous cerebellar hemorrhage (SCH) represents approximately 10% of all
intracerebral hemorrhage (ICH), and is an important clinical problem of which little is
known. This study established a new animal model of intracerebella hemorrhage in rats.

Early neurological deficits including brain water, hemoglobin assay, Evans blue,
collagen-IV, ZO-1, and MMP-2 and MMP-9 were measured to support brain injury after
cerebella hemorrhage observed clinically.

Long term neurological and neurobehavioral functional evaluations over thirty days were
conducted including the ataxia scale (modified Luciani), open field, wire suspension,
beam balance and inclined plane (Experiment 2) to verify cerebella injury in this new
model.

Cerebella hemorrhage is an under studied area and this animal model to help to promote
experimental studies of cerebella hemorrhage.
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Fig.1. Experimental Model of Cerebellar Hemorrhage
(A) Schematic showing stereotaxic needle placement into the right paramedian white matter
(inset demonstrating sagittal view with dotted-line at craniocaudal level). (B) Photograph of
coronal section showing the hematoma surrounded by vasogenic edema at 24 hours after
collagenase (0.6 units) infusion (outlined with dotted lines, bar= 1 mm) and (C) a
representative H&E-stained cryosection illustrating hematomal location (bar= 0.5 mm) with
inset showing hematomal (*) border (bar= 20 µm).
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Fig.2. Early Brain Injury at 24 Hours
(A) Brain Water, (B) Neuroscore, (C) Hematomal Volume, (D) Vascular Permeability, and
(E) Immunoblots (left) with semi-quantification (right) for Collagen-IV, ZO-1, MMP-2 and
MMP-9. The values are expressed as mean ±SEM, n= 10 (neuroscore) and n= 5 (all others),
*P<0.05 compared with controls (sham and needle trauma), †P<0.05 compared with
collagenase infusion (0.2 units).
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Fig.3. Functional Outcome over Thirty Days
(A) Luciani Ataxia Scale, (B) Locomotion, (C) Body Weight, (D) Wire Suspension, (E)
Beam Balance, (F) Inclined Plane. The values are expressed as mean ±SEM, n=8 (per
group), *P<0.05 is comparing collagenase infusion (0.6 units, closed triangles) with controls
(sham and needle trauma, open circles).
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Fig.4. Neurocognitive Assessment at Third Week
(A) Motor learning was assessed by the change in the latency to fall off an accelerating
rotarod (2 rpm/ 5 sec) preoperatively and across four daily blocks. (B) Working memory
was quantified by the number of spontaneous alternations in the T-Maze. (C) Spatial
learning was assessed by the swim distance needed to find the visible (cued) versus the
hidden (spatial) platforms in the water-maze. (D) Spatial memory was determined by the
percent duration in the probe quadrant when the platform was removed. The values are
expressed as mean ±SEM (rotarod, cued and spatial water-maze) and mean ±95th C.I.
(probe quadrant), n=8 (per group), *P<0.05 compared with controls (sham and needle
trauma), †P<0.05 compared with pre-operation (rotarod) or cued trials (spatial water-maze),
and ‡ P<0.05 compared with Block 1 (rotarod and spatial water-maze)
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Fig.5. Histopathological Analysis
(A) Lesion distribution (mm2) over the right cerebellar hemisphere. (B) Representative
cryosection illustrating the cystic-cavitary lesion (scale bar= 1 mm). (C) Infratentorial brain
tissue volume (mm3). (D) Volume of the ventricles (mm3). (E) Percent atrophy of white
matter, molecular layer and granular layer, expressed as the volumetric difference between
ipsilateral and contralateral folia. (F) Purkinje cell counts per millimeter (mm) over the
intact (non-lesioned) areas of the cerebellum. Values expressed as mean ±SD, n=8 (per
group), DCN indicates deep cerebellar nuclei, *P<0.05 compared with controls (sham and
needle), †P<0.05 compared with contralateral side (tissue volume and purkinje cells).
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