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Supplement 

The Novel Endocannabinoid Receptor GPR18 is Expressed in the Rostral Ventrolateral 

Medulla and Exerts Tonic Restraining Influence on Blood Pressure. Anusha Penumarti and 

Abdel A. Abdel-Rahman, Journal of Pharmacology and Experimental Therapeutics. 

 

Materials and Methods 

Animal Preparation. Male Sprague-Dawley rats (300-350 g; Charles River 

Laboratories, Raleigh, NC) were used in the present study. Animals received 

buprenorphine (0.03 mg/kg) 30 min prior to anesthesia with i.p. ketamine (9 mg/100g) 

and xylazine (1 mg/100g). A 5-cm PE-10 tube connected to PE-50 tubing filled with 

heparinized saline (heparin 200 units/ml) was placed in the abdominal aorta via the left 

femoral artery for measurement of BP and heart rate as in our previous studies (Zhang 

and Abdel-Rahman, 2002). The catheter was tunneled subcutaneously and exteriorized 

at the back of the neck between the scapulae, and plugged with stainless steel pins. 

Wounds were closed by surgical clips and swabbed with povidone-iodine solution.  

The implantation of the guide cannula into the RVLM was performed as described in 

our previous studies (Mao and Abdel-Rahman, 1995). Briefly, following anesthesia, the 

head of the animal was placed in stereotaxic frame (David Kopf Instruments, Tujunga, 

CA), and a 23-guage stainless steel guide cannula (Small Parts, Miami, FL, USA) was 

implanted unilaterally such that the tip of the guide cannula was positioned 2 mm above 

the RVLM (posterior -2.8 mm, lateral + 2.0 mm, dorsoventral -0.5 mm), according to 

(Paxinos and Watson, 2005). The cannula was secured to the skull with dental cement 
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(Durelon; Thompson Dental Supply, Raleigh, NC, USA). Each rat received 

buprenorphine (0.05 mg/kg s.c.) to control pain and penicillin G procaine (100,000 U/kg 

i.p.). Animals were housed 5 days in separate cages to allow for recovery before 

conducting experiments. 

On the day of the experiment, the arterial catheter was flushed with heparinized 

saline (100 IU/ml) and connected to a Gould-Statham (Oxnard, CA) pressure 

transducer. BP was recorded by ML870 (PowerLab 8/30) and analyzed by LabChart 

(v.6) pro software (ADInstruments, Colorado Springs, CO). Heart rate was computed 

from BP recording by the LabChart (v.6) blood pressure analysis module, and both 

variables were continuously recorded and stored for offline analysis. BP and HR were 

allowed to stabilize for at least 30 min. Microinjections were made directly into the 

RLVM of unrestrained rats through a 30-guage stainless steel injector as described in 

our previous studies (Mao and Abdel-Rahman, 1994; Zhang and Abdel-Rahman, 2002).  

Western Blot and Neurochemical Studies. Animals received a lethal dose of sodium 

pentobarbital (i.p.), and following decapitation, brains were removed, flash frozen in 2-

methylbutane on dry ice, and stored at -80°C until use. Brains were equilibrated to -

20°C and coronal sections containing the RVLM were obtained with a cryostat (HM 

505E; Microm International GmbH, Waldorf, Germany) according to atlas coordinates 

(Paxinos and Watson, 2005). Tissue from the RVLM was collected bilaterally using a 

0.75 mm punch instrument as described in other studies (Ibrahim and Abdel-Rahman, 

2011) from approximately -12.8 to -11.8 mm relative to bregma (Paxinos and Watson, 

2005). Tissue was homogenized on ice by sonication in cell lysis buffer (20 mM Tris pH 

7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium 
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pyrophosphate, 1 mM β-glycerolphosphate, 1 mM activated sodium orthovanadate) 

containing protease inhibitor cocktail tablet (Roche Diagnostics, Indianapolis, IN). 

Protein concentration in samples was quantified using a standard Bio-Rad protein assay 

system (Bio-Rad Laboratories, Hercules, CA). Protein extracts (20 μg per lane) were 

denatured at 97°C for 5 minutes, separated on NuPAGE Novex Bis-Tris 4 to 12% SDS-

PAGE gels (Invitrogen, Carlsbad, CA) using MOPS NuPAGE running buffer, and electro 

blotted to nitrocellulose membranes using standard procedures. Nonspecific binding 

sites on the membranes were blocked at room temperature in wash buffer (10 mM Tris, 

150 mM NaCl, 0.2% 0.5 M EDTA pH 8.0, 0.01% Triton X-100) containing 5% nonfat 

milk for 1 to 2 hours. The membranes were then incubated overnight at 4°C with goat 

anti-GPR18 primary antibody (1:200; Santa Cruz; Dallas, TX) diluted in blocking 

solution. The blots were washed twice and then incubated for 60 min at room 

temperature with anti-rabbit IgG horseradish peroxidase-linked secondary antibody 

(1:2,000; GE Healthcare, Piscataway, NJ). After 4 more washes, protein was detected 

on the blots by enhanced chemiluminescence. Consistency in sample loading was 

confirmed by stripping the membranes with Blot Fresh Stripping Reagent (SignaGen, 

Gaithersburg, MD) and reprobing with rabbit anti-actin antibody (1:2,000; Sigma; St. 

Louis, MO); all data were expressed as values normalized to actin.  

For adiponectin measurements, RVLM punches obtained from treatment or control 

groups, were simultaneously blocked (1 hr) with odyssey blocking buffer (LICOR 

Biosciences Lincoln, NE) and incubated with a mixture of mouse monoclonal anti actin 

antibody (1:1000) and rabbit polyclonal anti-adiponectin antibody (1:1000) overnight. All 

antibodies were purchased from Cell Signaling Technology (Danvers, MA). After 
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washing with PBS, the membranes were incubated for 1 hr with a mixture of IRDye680-

conjugated goat anti-rabbit and IRDye800-conjugated goat anti-mouse (1:10,000; 

LICOR Biosciences; Lincoln, NE). Membranes were washed with PBS containing 0.1% 

Tween 20 and bands representing adiponectin and actin were visualized simultaneously 

using Odyssey Infrared Imager and analyzed with Odyssey application software v.3 

(LICOR Biosciences; Lincoln, NE). All data were mean values of integrated density ratio 

of adiponectin normalized to actin (Komura et al., 2013).  

Immunohistochemistry. The procedure reported in Current Protocols in Neuroscience 

for immunohistochemistry for light microscopy (Ince et al., 1997) was followed. Briefly, 

brains were fixed by transcardiac perfusion with 4% paraformaldehyde in phosphate-

buffered saline (PBS) following a lethal dose of ketamine. Brains were then transferred 

into 30% sucrose in PBS for infiltration until they sank. Brain sections that contained the 

RVLM (-12.8 to -11.8 mm relative to bregma) were cut serially at –24°C with a 

microtome cryostat (HM 505 E; Microm International GmbH, Walldorf, Germany) in 

accordance with (Paxinos and Watson, 2005) as in our previous study (Zhang and 

Abdel-Rahman, 2005). Six to eight sections of the brain (20 μm) were collected in each 

well of a cell culture plate (12 wells; BD Biosciences, San Jose, CA) containing ice-cold 

PBS. The avidin-biotin complex method was used according to the manufacturer's 

instruction (Vectastain ABC kit; Vector Laboratories, Burlingame, CA) with minor 

modification (Ince et al., 1997). For immunohistochemical detection of GPR18, the 

RVLM sections of naïve rats were incubated with goat anti-GPR18 primary antibody 

(1:200; Santa Cruz; Dallas, TX). After rinsing with Tris-buffered saline (TBS), 3′-

diaminobenzidine (in H2O) solution was added, and the sections were examined under 
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a microscope (Nikon Diaphot 300; Nikon, Tokyo, Japan) for the appearance of reddish 

brown staining. After dehydration the sections were sealed with Permount (Fisher 

Scientific Co., Pittsburgh, PA) and observed under the microscope. For GPR18, the 

immunoreactive neurons (brown stain) were identified in the RVLM.  

Immunofluorescence. Colocalization studies were conducted according to the protocol 

used in previous reports (Wang and Abdel-Rahman, 2005; Nassar and Abdel-Rahman, 

2006; Matias et al., 2008). Brains were fixed by transcardiac perfusion with 4% 

paraformaldehyde in Phosphate-buffered saline (PBS) following a lethal dose of sodium 

pentobarbital. Brains were then transferred into 30% sucrose in PBS for infiltration until 

they sank. Brain sections that contained the RVLM (-12.8 to -11.8 mm relative to 

bregma) were cut serially using vibrotome in to ice cold PBS. Free floating sections, 

prepared as above, were then washed with TBS for 15 min, and incubated for 3 hr in 

blocking buffer (1% bovine serum albumin, 5% normal donkey serum in TBS containing 

0.1% Triton X-100; TBST) at RT with continuous shaking. The sections were then 

incubated 48 hr at 4ºC with shaking in goat anti-GPR18 (1:200; Santa Cruz; Dallas, TX) 

and mouse anti- tyrosine hydroxylase (1:500; Abcam; Cambridge, MA) or mouse anti 

CB1R (1:200; Santa Cruz; Dallas, TX) mixture diluted in blocking buffer. After being 

washed 3X in TBST, immunofluorescence was revealed by incubation for 2 hr in Cy-3 

conjugated donkey anti-goat and fluorescein isothiocyanate-conjugated donkey anti-

mouse (1:200; Jackson Immunoresearch Laboratories Inc., West Grove, PA). Sections 

were washed in TBS in dark and mounted on slides and cover slipped with Vectashield 

mounting medium containing DAPI as counterstain (Vector Laboratories, Burlingame, 

CA) and left in dark overnight to harden. Images were acquired by multi-track 
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acquisition mode to eliminate channels-cross talk using confocal laser microscopy (Carl 

Zeiss LSM 510, Thornwood, New York). Six sections per animal at the level of the 

RVLM were examined and representative images were edited by the Zeiss LSM Image 

Browser software (v 4.2) and Adobe Photoshop (v. CS4, Adobe Systems, San Jose, 

CA), where only image brightness and contrast were adjusted for clarity. 
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Figure 1S 
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Supplement Figure Legend 

Figure 1S: The time course changes in BP and HR caused by intra-RVLM Abn CBD (A, 

C) or O-1918 (B and D) microinjection (0.4µg), presented in Figure 6, have been 

reanalyzed using 1-min time intervals during the 30 min observation period. Abn CBD 

caused a hypotensive response that started within 2-3 min, and reached its nadir at 

approx. 20 min before it started to recover.  The reduction in BP was associated with 

increases in HR with a maximum response achieved at approx. 15 min. Regression 

analysis was conducted to determine if the increases in the HR (independent variable) 

are inversely related to the decreases in BP, which is expected if the HR response is 

mediated, at least partly, via the baroreflex response. The significant inverse 

relationship (C) is consistent with the involvement of a baroreflex component in the 

tachycardic response that accompanied the hypotensive response caused by intra-

RVLM Abn CBD (A).  Notably, however, the tachycardic response started to dissipate 

before the hypotensive response reached its nadir (A), which contradicts a “purely” 

baroreflex mediated tachycardia. This finding might infer a counterbalancing effect of 

the central sympathoinhibitory effect of Abn CBD against the baroreflex mediated 

tachycardia. More studies are needed to investigate this possibility.  Applying the same 

time-course and regression analysis criteria to data generated with O-1918 (0.4µg) 

revealed a pressor response that started within 2-3 min, and reached its peak at approx. 

20 min (B).  A bradycardic response was closely associated with (B), and inversely 

related to (D), the pressor response. S.E bars are omitted in A and B for clarity.  

 


