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Supplemental material 

Materials and methods 

Drug treatments. The following CBR agonists and antagonists were used: the CB1 receptor agonist 

ACEA (Tocris; Bristol, UK), the CB1 receptor antagonist SR141716A (generously provided by 

Sanofi-Aventis Researche, Montpellier, France), the CB2 receptor agonist JWH-015 (Tocris), the 

CB2 receptor antagonist SR144528 (generously provided by Sanofi-Aventis Researche), the 

TRPV1 receptor agonist Capsaicin (Sigma), the TRPV1 receptor antagonist Capsazepine (Sigma), 

and ethanol (400 μl; 0.5% ethanol in saline). The irreversible PI3k/Akt inhibitor LY294002 (Alexis 

Biochemicals, Lausen, Switzerland) and the irreversible JNK inhibitor SP600125 (Calbiochem, San 

Diego, CA, USA) were injected intracerebroventricularly (i.c.v.) 90 min before 

hemicerebellectomy. 

 

Neurological evaluation. The Neurologic Severity Score (NSS) is a composite of motor, sensory, 

reflex, and balance tests, in which for each test, one point is awarded for the inability to perform or 

for the lack of a tested reflex, and zero points are awarded for success. An NSS of 18 indicates 

severe injury, whereas a score of zero signifies healthy, uninjured rats (Watanabe et al., 2004). We 

also calculated the ΔNSS as the difference between the NSS at 24 h after damage and the NSS at 

successive time points. ΔNSS reflects the progression of recovery. The NSS was evaluated at 24 h, 

72 h, and 5 and 7 days after damage by an investigator who was blinded to the experimental groups. 

 

Antibodies. The following primary antibodies were used: rabbit anti-CB2R (Abcam Cambridge, 

UK), rabbit anti-CB1R (Cayman Chemicals, Ann Arbor, MI, USA), rabbit anti-TRPV1 (Santa Cruz 

Laboratories, CA, USA), mouse anti-GFAP (Sigma), mouse anti-NeuN (Millipore Bioscience 

Research Reagents, USA), mouse anti-OX-42 (Serotec; Kidlington, UK), goat anti-Cyt-c (Santa 

Cruz), mouse anti-p38 (Santa Cruz Laboratories), rabbit anti-phospho-p38 (Cell Signalling 

Technologies, Beverly, MA, USA), rabbit anti-phospho-ERK1/2 (Cell Signalling Technologies), 
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mouse anti-ERK1/2 (Santa Cruz), rabbit anti-JNK (Santa Cruz), mouse anti-phospho-JNK (Cell 

Signalling Technologies), mouse anti-β-actin (Sigma), mouse anti-Akt (Santa Cruz), rabbit anti-

phospho-Akt (ser473) (Cell Signalling Technologies), mouse anti-phospho-JNK (Thr183/Tyr185) 

(Cell Signalling Technologies). Secondary Cy3- and Cy2-conjugated antibodies were purchased 

from Jackson Immunoresearch (West Grove, PA, USA). 

 

Histology and immunohistochemistry. To assess CB2R induction, one series of sections was 

processed for immunohistochemistry with a rabbit polyclonal antibody against CB2R (Abcam; 

1:500). After quenching endogenous peroxidase with a 10-min incubation in 0.3% H2O2 in PB, the 

sections were incubated overnight with the primary antibodies, diluted 1:500 in PB+0.3% Triton X-

100 and 4% normal goat serum, at 4°C. Immunohistochemical staining was performed using avidin-

biotin-peroxidase with anti-rabbit biotinylated IgG as the secondary antibody and 3,3’–

diaminobenzidine as the chromogen. Sections were mounted on chrome alum-gelatinized slides and 

air-dried for at least 24 h. Afterward, the sections were counterstained using the Nissl method to 

assess the percentage of CB2R-expressing cells. Finally, sections were mounted on chrome alum-

coated slides, air dried, dehydrated with ethanol, cleared in xylene, and coverslipped. Bright field 

images were taken using a light microscope (Zeiss, Axioskop 2) equipped with a digital camera 

(Nikon, Coolpix 990). 

To investigate the cellular population that expressed CB1R and CB2R, double-labeling was 

performed. Sections were blocked in 5% normal donkey serum for 2 h at RT and incubated with a 

cocktail of primary antibodies, including CB1R (1:400) or CB2R (1:200) and GFAP (1:500), NeuN 

(1:200), or OX-42 (1:200). Before incubation with primary antibodies, sections were incubated in a 

blocking solution (5% normal donkey serum, 0.3% Triton X-100, PB) for 2 h at RT. All primary 

antibody solutions were prepared in PB and 0.3% Triton X-100 and incubated overnight. Each 

incubation step was followed by three, 5-min rinses in PB. Afterwards, sections were incubated 2 h 
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at RT with a cocktail of secondary antibodies, including Cy3-conjugated donkey anti-rabbit IgG 

(1:100) and Cy2-conjugated donkey anti-rabbit IgG (1:100).  

For each animal, a series of sections were processed to investigate the effects of treatment on the 

release of Cyt-c and the expression of phosphorylated Akt (p-Akt) and JNK (p-JNK). Following 

incubation with a mixed solution of primary antibodies, the sections were incubated for 2 h at RT 

with a mixture of secondary antibodies. These included Cy3-conjugated donkey anti-mouse IgG 

and Cy2-conjugated donkey anti-goat IgG (1:100). Sections were examined under a confocal laser 

scanning microscope (Leica SP5, Leica Microsystems, Wetzlar, Germany) equipped with four laser 

lines: violet diode emitting at 405 nm (for DAPI), argon emitting at 488 nm, and helium/neon 

emitting at 543 nm and 633. 

 

Qualitative and quantitative analyses. Qualitative and quantitative observations were limited to the 

inferior olive (IO) and pontine nuclei (Pn) of the experimental side; i.e., projecting to the lesioned 

hemicerebellum. Using the Stereo Investigator System (MicroBrightField Europe e.K., Magdeburg, 

Germany) an optical fractionator stereological design was applied to obtain unbiased estimates of 

total Nissl-stained and CB2R positive neurons. A stack of MAC 5000 controller modules (Ludl 

Electronic Products, Ltd. Hawthorne, NY, USA) was configured to interface an Olympus BX 50 

microscope with a motorized stage and a HV-C20 Hitachi colour digital camera with a Pentium II 

PC workstation. A three-dimensional optical dissector counting probe (x, y, z dimension of 30 × 30 

× 10 μm respectively) was applied. The two nuclei were outlined using the 4× objective, while the 

100× oil immersion objective was used for marking the neuronal cells. Total IO and Pn cell number 

was estimated according to the formula given below: 

N = ΣQ × 1/ssf × 1/asf × 1/tsf. 
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where ΣQ represents the total number of neurons counted in all optically sampled fields of the  IO 

and Pn, ssf is the section sampling fraction, asf is the area sampling fraction and tsf is the thickness 

sampling fraction.  

All data were expressed as means ± standard deviation. Significance was tested using one-way or 

two-way ANOVA with a Bonferroni post hoc test. All statistical analyses were performed using 

Prism-4 software, with the significance set at P <0.01. 

To assess Cyt-c expression within the IO and Pn, quantitative analyses were performed off-line on 

confocal images acquired through the 20x objective at the 0.07 zoom factor. For the IO, all labeled 

cells in a square box (200 µm wide × 200 µm long), randomly positioned in five regularly spaced 

sections, were counted. For the Pn, quantitative data were obtained by adopting a different sampling 

strategy. Three digital square frames (200 × 200 µm) were placed at a regular distance to sample the 

entire medio-lateral extent of the Pn. All quantitative analyses were conducted blind to the animal’s 

experimental group assignment.  

Densitometric analyses of fluorescence images  

Quantification of the changes in the IR phospho-Akt (p-Akt) and phospho-JNK (p-JNK) signal due 

to different treatment (at different survival time after HCb) was performed on NeuN/p-Akt or 

NeuN/p-JNK positive pontine cells by densitometric analyses. After background subtraction, p-Akt 

and p-JNK cell associated signals were quantified by manually outlining individual cells and 

measuring cell associated fluorescence intensity with the ImageJ software 

(http://rsb.info.nih.gov/ij/).  The ratio, F/A, defines mean fluorescence of individual cells (F) 

normalized to total cellular surface (A). Quantification was done on 120 cells per group (n=4). 

 

Quantitative Real-time PCR. One microgram of total RNA was used to generate cDNA with 10 

U/µl SuperScript III reverse transcriptase, in the presence of 2 U/µl RNaseOUT, 1.25 µM oligos, 

1.25 ng/µl random hexamers, 5 mM MgCl2, 0.5 mM dNTP mix, and DEPC-treated water. The 

reaction was performed using the following RT-PCR program: 25°C for 10 min, 42°C for 50 min, 
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85°C for 5 min, then, after addition of 0.1 U/µl of E. coli RNase H, the product was incubated at 

37°C for 20 min. For expression studies, the target transcripts were amplified in the ABI PRISM 

7700 sequence detector (Applied Biosystems, Foster City, CA, USA) using the following primers: 

rat CB1 F1 (5’-TTCCACCGTAAAGACAGCCC-3’), rat CB1 R1 (5’-

TCCACATCAGGCAAAAGGCC-3’); rat CB2 F1 (5’-TTGACCGATACCTATGTCTGTGC-3’), 

rat CB2 R1 (5’-TGCTTTCCAGAGGACATACCC-3’); rat Enolase F1 (5’-

AATCCAAGTTTGGGGCCAATGC-3’), rat Enolase R1 (5’-

AAGTCGCATGGCATCCCGAAAGC-3’); β-actin F1 (5’-ATCCTGACCCTGAAGTACCC-3’), 

and β-actin R1 (5’-AAGGTCTCAAACATGATCTGG-3’). One microliter of the first-strand cDNA 

product was used for amplification in triplicate. A twenty-five-microliter reaction solution 

contained 12.5 µl of Platinum SYBR Green qPCR SuperMix-UDG and 10 pmol of each primer. 

The following PCR program was used: 95°C for 10 min, 40 amplification cycles at 95°C for 30 sec, 

56°C for 30 sec, and 72°C for 30 sec. Serial dilutions (10-, 100-, 1000-, 10000-, and 100000-fold) 

of each studied transcript were used to determine the amplification efficiency of each target and 

housekeeping gene. Real-time quantitative PCR (qRT-PCR) analyses of mRNA levels were 

performed comparing mRNA extracts from unlesioned and hemicerebellectomized rats using the 2-

ΔΔCT method (Livak KJ and Schmittgen TD (2001) Analysis of relative gene expression data using 

real-time quantitative PCR and the 2(-Delta Delta C(T) Method). Methods 25: 402-408). In the 

present study, data are presented as the fold-change in target gene expression normalized to the 

internal control gene and relative to the normal tissue control. The average threshold cycle (CT) was 

calculated for both the target genes and β-actin, and ΔCT was determined as [the mean of the 

triplicate CT values for the target gene] - [the mean of the triplicate CT values for β-actin]. ΔΔCT 

represented the difference between the paired tissue samples, as calculated by the formula ΔΔCT = 

(ΔCT of HCb-Eth - ΔCT of CTRL). The N-fold differential expression of the target gene of an HCb 

sample compared with the normal sample counterpart was expressed as 2-ΔΔCT. 
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Protein isolation/Western blotting. The Inferior olive (IO) and pontine nuclei (Pn) were isolated as 

reported previously (Viscomi et al., 2008). Membranes were incubated with the following primary 

antibodies: mouse anti-Akt (1:500), rabbit anti-phospho-Akt (ser473) (1:1000), mouse anti-p38 

(1:1000), rabbit anti-phospho-p38 (1:1000), rabbit anti-phospho-ERK1/2 (1:1000), mouse anti-

ERK1/2 (1:1000), rabbit anti-JNK (1:1000), mouse anti-phospho-JNK (1:1000) and mouse anti-β-

actin (1:2000). Densities of protein bands in the Western blots were measured, and mean ratios 

between proteins and actin are presented as percentage of control values.  

 

 

 

 

 

 

 


