Extinction of drug-seeking in rodents can be enhanced by positive allosteric modulation of type 5 metabotropic glutamate receptor signaling
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Short Abstract:
Extinction of maladaptive behaviors is an active learning process that can be enhanced by potentiation of type 5 metabotropic glutamate receptors (mGluR5). In order to assess effects on acquisition or consolidation, experimental treatments can be administered prior to or immediately following extinction training sessions, respectively.

Long Abstract:
Drug addiction is a pathology of learning and memory characterized by periods of drug-seeking behavior, drug use, attempts at abstinence, and relapse. As a result of chronic and repetitive drug use, the cues and contexts present during drug use acquire an excessive degree of motivational salience. In the self-administration model, rodents are trained to perform an operant response (i.e., lever pressing or nosepoke) to obtain infusions of a drug solution through an indwelling intravenous catheter. Drug infusions are paired with discrete auditory and visual stimuli in order to allow for the formation of associations between discrete environmental cues and drug infusions. Drug self-administration can be subject to extinction by replacing the drug solution with saline, or by changing the outcome of the operant response so that it no longer has any programmed consequences (i.e., drug infusion or cue presentation). Extinction of classically and instrumentally conditioned behaviors is an active learning process that can be enhanced by allosteric potentiation of type 5 metabotropic glutamate receptors (mGluR5). These receptors are predominantly localized to the perisynaptic annulus of postsynaptic dendritic spines, where they are positively coupled to NMDA receptor function and mediate various forms of synaptic plasticity and improve performance in various learning and memory tasks. Recently, we have shown that the mGluR5 positive allosteric modulator 3-cyano-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (CDPPB) facilitates extinction learning in rodents with a history of intravenous cocaine self-administration. In order to assess effects on acquisition and consolidation of extinction learning, treatment can be varied so that animals receive either drug or vehicle prior to, or immediately following, each extinction training session, respectively. 

Protocol Text:
1) Preparing for Surgery

1.1)  Before beginning surgery, the surgical site should have an absorbent pad with 
plastic backing set up under a fume hood or specially configured surgical area that removes all anesthesia gas from reaching the surgeons lungs.
1.2)  Prior to surgery all of the necessary tools (i.e., scalpel, surgical scissors, hemostats, forceps, etc.) and materials (i.e., sutures, vascular access ports, etc.) should be sterilized and placed in the surgical area. All procedures should be performed with sterile gloves, mask, and sterile gown or lab coat.
2) Vascular Access Port Implantation

2.1)  Rats with preimplanted jugular vein catheters (available from surgical services at select vendors) are anesthetized with isoflurane (2% v/v) vaporized in medical grade breathing air a flow rate of 0.4 L/min.
2.2)  Shave skin area where the catheter exits the dorsum and scrub with betadine and 0.1% v/v H2O2.

2.3)  Make a 2-cm incision in order to connect the catheter to a backmount threaded vascular access port.

2.4)  Secure the catheter to the surrounding tissue with sutures and a polyethylene mesh collar.

2.5)  Treat the wound with 2% bacitracin/polymixin B/neomycin and 5% xylocaine.
2.6)  Close wound with 3-0 Vicryl sutures.

2.7)  Evacuate HepLock solution from the catheter and flush 66.6 mg/ml Timentin in heparinized (70 U/ml) saline (0.1 ml volume).
2.8)  Seal the access port with a piece of Tygon tubing that is closed at one end and secure a protective screw cap.

2.9)  For at least 5 days following surgery, rats should receive daily intravenous infusions of 66.6 mg/ml Timentin in heparinized (70 U/ml) saline (0.1 ml volume) to maintain catheter patency and protect against infection.

2.10)  Catheter patency should be tested periodically throughout the experiment by infusion of 10 mg/ml sodium methohexital (0.2 ml volume) and observation of brief loss of postural muscle tone.
3) Intravenous Self-Administration Procedures
3.1)  Following recovery from vascular access port implantation surgery, rats are trained to press the active lever for delivery of a 45 mg food pellet into the food receptacle on a continuous fixed ratio 1 (FR1) schedule of reinforcement during a 16-hr overnight training session. A 20-sec timeout period follows each pellet delivery, during which additional active lever presses are recorded but do not produce any programmed consequences. Presses on the designated inactive lever are also recorded but produce no consequences at any time during the experiment. 
3.2)  Approximately 24 hr following the end of the initial overnight training session, rats are placed into 2 hr daily self-administration sessions whereby each press on the active lever results in delivery of cocaine (0.5 mg/kg/infusion, delivered in a volume of 0.06 ml over a 2 sec period) on a FR1 schedule of reinforcement. A 20-sec timeout period follows each cocaine infusion, during which additional active lever presses are recorded but do not produce programmed consequences. 

3.3)  Delivery of cocaine to the vascular access port takes place by polyethylene tubing housed in a stainless steel spring tether that is attached to the liquid swivel. Each infusion of cocaine is accompanied by concurrent illumination of the stimulus light and presentation of an auditory stimulus (~65 dB, 2900 Hz) for 2 sec. 
3.4)  Self-administration sessions are conducted 5-6 days per week, and each is preceded by intravenous infusion of 0.1 ml of 66.6 mg/ml Timentin in heparinized (70 U/ml) saline  to maintain patency and prevent infection. 

3.5)  Self-administration session are conducted for a minimum of 10 days and until maintenance criteria is reached, which requires <15% variability in active lever presses across two consecutive self-administration sessions.

4) Extinction Procedures
4.1)  Extinction procedures and treatment with the mGluR5 positive allosteric modulator CDPPB commences after maintenance criteria is reached.

4.2)  During extinction, animals are randomly subdivided into four groups (pre-session CDPPB or vehicle, post-session CDPPB or vehicle). CDPPB is suspended in 10% v/v Tween-80 in sterile saline.
4.3)  Extinction training is conducted in 2-hr daily sessions in the presence of drug-associated cues (i.e., presentation of the light/tone stimulus complex for 2 s following each active lever press, followed by a 20-sec timeout).

4.4)  No drug infusion is infused during extinction sessions, and pressing the inactive lever during extinction has no programmed consequences.

4.5)  Twenty min prior to or immediately after each extinction-training session, animals are administered vehicle or CDPPB according to their group assignment and returned to their home cages.

4.6)  Presession animals are placed in the self-administration apparatus 20 min following treatment and lever pressing behavior is recorded. 

4.7)  Extinction criteria is considered to be met when, in 3 extinction sessions, the number of active lever presses exhibited by an individual rat is <25% of those observed on the average of the last 2 days of active drug self-administration for that particular rat.

5) Open-Field Locomotor Activity Assessment
5.1)  Decrements in extinction responding in CDPPB-treated animals could potentially be the result of nonspecific motor impairments. In order to determine whether this is the case, open field locomotor activity can be assessed in a separate group of drug-naïve animals.

5.2)  Locomotor activity assessment takes place in a 30 cm x 30 cm open-field testing arena equipped with infrared photobeams that measure horizontal locomotor activity at 100 ms resolution.

5.3)  Rats are first habituated to the testing apparatus by placement into the testing apparatus for one hour per day for 2 consecutive days.
5.4)  20-min prior to each of an additional five subsequent locomotor test sessions, animals receive either a subcutaneous injection of vehicle or CDPPB. 

5.5)  Test sessions are one hour in length and conducted on 5 consecutive days. 

5.6)  Distance traveled (in cm) is recorded by a computer.

Representative Results: 
Analysis of the effects of administration of CDPPB prior to daily extinction sessions on the number of active lever presses emitted during the last 2 days of self-administration (SA) and during 10 daily extinction sessions (E1-E10) reveals a significant effect of treatment group and session, and post hoc analyses reveal that rats treated with CDPPB emitted significantly fewer presses on the active lever during each of the 10 extinction sessions as compared with vehicle-treated rats (see Figure 1A). Additionally, as shown in Figure 1B, the number of extinction sessions required to reach extinction criteria is significantly lower in CDPPB-treated animals as compared with vehicle-treated animals. There is no effect of treatment group, session, nor a treatment group x session interaction with regards to the number of inactive lever presses emitted during the last 2 days of SA and during extinction sessions (see Figure 1C). Since CDPPB is administered prior to extinction-training sessions for these animals, these results indicate that positive allosteric modulation of mGluR5 receptors facilitates the acquisition of extinction learning following cocaine self-administration. A similar analysis can be performed on data generated by the animals treated with CDPPB immediately after extinction sessions to assess the drug’s effects on consolidation of extinction learning (Figures 2A-2C).
An additional analysis examines the time course of the effects of CDPPB on extinction responding in 5-min time bins. This analysis is performed on the first day of extinction (E1: Figure 3A) in rats that receive CDPPB or vehicle injections prior to extinction sessions (i.e., during acquisition of extinction learning) and on the 2nd day of extinction (E2; Figure 3B) in rats that receive CDPPB or vehicle injection immediately following extinction session (i.e., during consolidation of extinction learning). In animals treated with vehicle or CDPPB prior to the first day of extinction training, a significant effect of treatment group, time interval, and a treatment group x interval interaction is observed. Post hoc analyses revealed that the number of active lever presses per 5-min time interval is reduced in CDPPB-treated animals during 16 of the 24 time intervals as compared with vehicle-treated animals, and this reduced responding was evident throughout most of the session. A similar analysis is performed on data generated through post-extinction training CDPPB-treated animals to examine effects on memory consolidation.
An analysis of open field locomotor activity reveals no effect of treatment group in CDPPB and vehicle treated animals (Figure 4), suggesting that reduced responding during extinction sessions that are preceded by CDPPB treatment (Figure 1A) are not a result of non-specific impairments in motor activity.

Tables and Figures:

Figure 1: A. Administration of CDPPB prior to extinction training sessions reduces extinction responding; *p<0.05 vs. vehicle treated animals on the same day of extinction (E1, etc.). B. Pre-session administration of CDPPB reduces the number of training sessions required to achieve extinction criteria. *p<0.05 vs. vehicle treated animals. C. CDPPB has no effect on the number of inactive lever presses emitted during extinction training.

Figure 2: A. Administration of CDPPB immediately following extinction training sessions reduces extinction responding on extinction days E2-E10; *p<0.05 vs. vehicle treated animals on the same day of extinction. B. Post-session administration of CDPPB reduces the number of training sessions required to achieve extinction criteria. *p<0.05 vs. vehicle treated animals. C: CDPPB has no effect on the number of inactive lever presses emitted during extinction training.

Figure 3: A. Extinction response patterns in 5-min intervals during extinction day 1 (E1) of animals treated with vehicle or CDPPB prior to each extinction session. B: Extinction response patterns in 5-min intervals during extinction day 2 (E2) of animals treated with vehicle or CDPPB immediately following each extinction session. *p<0.05 vs. vehicle treated animals during the same time interval.

Figure 4: CDPPB has no effect on open field locomotor activity when administered prior to 1 hour daily sessions for 5 consecutive days. 
Discussion:

The method presented here shows that acquisition and consolidation of extinction learning following cocaine self-administration can be enhanced by potentiating mGluR5 receptor function. It is likely that CDPPB enhances extinction learning through indirect stimulation of NMDA receptors, because mGluR5 receptors are structurally and biochemically coupled with NMDA receptor function


6-10. mGluR5 positive allosteric modulators have also been shown to reverse cognitive deficits as well as behavioral and electrophysiological changes produced by NMDA receptor antagonists such as MK-801
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 ADDIN EN.CITE 
. As a result, mGluR5 positive allosteric modulators such as CDPPB11


 ADDIN EN.CITE ,12
 have the potential to aid in the treatment of schizophrenia, drug addiction, and other disorders that impact normal cognitive function
Exploration of the brain regions in which CDPPB acts to facilitate acquisition and consolidation of extinction learning are already underway.  We know that mGluR5 receptors are expressed in moderate to high levels in brain regions implicated in extinction learning such as the cerebral cortex, dorsal striatum, nucleus accumbens, amygdala, and hippocampus18


 ADDIN EN.CITE ,19
. The infralimbic region of the frontal cortex (ILC) is a likely site of action and one of the regions we are currently testing with intra-ILC infusions of the more recently developed mGluR5 PAM  VU0360172
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Materials:

	Material Name
	Company
	Catalog Number

	Standard modular test chamber with drug infusion top and waste pan
	Med Associates Inc.
	ENV-008CT

	Sound attenuating cubicle
	Med Associates Inc.
	ENV-018MD

	Houselight, 28V
	Med Associates Inc.
	ENV-215B

	Stimulus light, 2.5 cm
	Med Associates Inc.
	ENV-221M

	Low profile retractable response lever
	Med Associates Inc.
	ENV-112CM

	SmartCtrl 4 input/8 output interface card
	Med Associates Inc.
	DIG-716

	Single speed syringe pump, 3.33 RPM
	Med Associates Inc.
	PHM-100

	Back mount vascular access port
	PlasticsOne, Inc.
	313000BM15/SPC

	Infusion tubing, flared at one end
	PlasticsOne, Inc.
	C313CT/SPC

	Dust cap, long
	PlasticsOne, Inc.
	C313CAC

	Single cannula connector w/spring
	PlasticsOne, Inc.
	C313CS/SPC

	Single channel plastic swivel, 22 ga
	Instech Laboratories
	375/22PS

	Cocaine hydrochloride
	Sigma-Aldrich, Inc.
	C5776

	Tween-80
	Sigma-Aldrich, Inc.
	P8074

	CDPPB
	Chemir Analytical Services
	Custom synthesized according to previously published methods11,12
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