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America’s youth consume more than 90% of their alcohol by binge drinking, which could lead to long-term behavioral deficits and alter the developing brain. In animal models, adolescent intermittent ethanol (AIE) exposure has been shown to affect Pavlovian conditioned approach (PCA) behavior, where adult rats exposed to AIE exhibited reduced goal-tracking (approach to reward conditioned response) and enhanced sign-tracking (approach to reward-predictive cue conditioned response), which may act as an indicator for addiction vulnerability. To understand one potential neural circuit underlying AIE effects, we focused on the orbito-accumbens pathway due to its implications in reward learning and because research has shown that adult rats exposed to AIE had significantly less resting-state functional connectivity between the orbitofrontal cortex (OFC) and the nucleus accumbens (NAcc) compared to control rats. We hypothesized that AIE-exposed female rats would exhibit sign-tracking behavior that could be shifted to goal-tracking through stimulation of orbito-accumbens projections. To determine how activation of the orbito-accumbens pathway affects conditioned behavior in both AIE-exposed and control rats, in vivo optogenetic techniques were utilized to selectively activate OFC neurons projecting to the NAcc while sign- and goal-tracking behaviors were assessed using PCA. We found that activation of the orbito-accumbens projections in AIE-exposed rats did not produce a reliable shift in behavior from sign- to goal-tracking. This finding indicates that the orbito-accumbens pathway is not exclusively responsible for altering reward learning in AIE-exposed rats. 


Introduction
        	Alcohol use disorder (AUD) is a chronic brain disease that affects an estimated 16 million people in the United States (National Institute on Alcohol Abuse and Alcoholism [NIAAA], 2017a). In 2015, approximately 623,000 adolescents ages 12-17 met criteria for AUD (NIAAA, 2017b). Adolescents who drink consume more than 90% of their alcohol by binge drinking (NIAAA, 2017b), which can lead to potential long-term effects in adult life. For instance, research has shown that people who start drinking before the age of 15 are four times more likely to meet the criteria for alcohol dependence at some point in their lives (NIAAA, 2017b). In addition, prolonged alcohol consumption in adolescence damages the developing brain by disrupting neurogenesis (Crews et al., 2016), which could compromise the development and maintenance of neuronal networks (for review, see Tateno and Saito, 2008) and lead to cognitive deficits in adulthood such as substance abuse susceptibility (Brown et al., 2000). However, it is difficult to determine the contribution of alcohol exposure during adolescence versus genetic predispositions, environmental influences, or self-selection bias in human studies because these longitudinal data are correlational. 
        	While the specific mechanisms by which adolescent alcohol exposure increases susceptibility for AUD in adulthood are unknown, research has shown that adult rats exposed to adolescent intermittent ethanol (AIE) had decreased resting-state connectivity between prefrontal cortex (PFC) regions and between PFC and striatal regions (Broadwater et al., 2017). One such frontostriatal connection that was affected by AIE was the projection from the orbitofrontal cortex (OFC) to the nucleus accumbens (NAcc), two brain regions in the frontolimbic network. The NAcc acts in the mesolimbic reward pathway, and drugs of abuse have been shown to elevate dopamine levels in this area (for review, see Baler & Volkow, 2006). The OFC is important in assigning reward value and in reversal learning (for review, see Rolls, 2004). The frontolimbic pathways, including projections from the OFC to the NAcc, undergo functional and structural connectivity changes throughout adolescence (for discussion, see Broadwater et al., 2017). Alcohol exposure during adolescence could limit the development of these pathways and lead to persistent decreases in connectivity within the PFC in adulthood. PFC dysfunction has been implicated in addiction (for review, see Goldstein & Volkow, 2011), and chronic alcoholics exhibit disrupted frontostriatal network nodes associated with response inhibition (Courtney, Ghahremani, & Ray, 2013). These observations support the hypothesis that adolescent binge drinking causes persistent decreases in frontolimbic connectivity, including the orbito-accumbens pathway, which may translate to decreased cognitive function and increased vulnerability to AUD.
        	 Pavlovian conditioned approach (PCA) can be used to assess addiction vulnerability in animal models (for review, see Tomie et al., 2008). In PCA, a reward-predictive cue (conditioned stimulus [CS]; e.g., a lever) precedes the delivery of an unconditioned stimulus (US; e.g., sucrose reward). The CS can acquire rewarding properties itself through a process called “attribution of incentive salience,” wherein stimuli paired with a reward become especially attractive and highly desired (for review, see Tomie et al., 2008). Two patterns of conditioned responses typically develop in PCA: sign-tracking behavior and goal-tracking behavior. Sign-trackers will approach the CS despite its non-contingent relationship to the US, while goal-trackers will approach the reward delivery location during the presentation of the CS (Fitzpatrick and Morrow, 2016). Research has shown that AIE reduces goal-tracking behavior in adult rats and that female rats exposed to AIE display enhanced sign-tracking behavior compared to males (Madayag et al., 2016). Another study showed that AIE increased sign-tracking behavior in males (McClory and Spear, 2014). Studies have also shown that rats with a history of AIE choose more risky decision-making strategies when they are adults which is attributable to alterations in incentive-learning processes (Kruse et al., 2017). An additional study showed that sign-tracking animals with a history of adolescent alcohol exposure exhibit increased phasic dopamine release, including CS-evoked dopamine release, compared to sign-tracking animals from the control group (Spoelder et al., 2015). 
        	Drug abuse researchers have noted marked similarities between sign-tracking behavior and symptoms of drug abuse (for review, see Tomie et al., 2008).  Sign-trackers exhibit spontaneous recovery and long-term retention, behaviors that resemble relapse to drugs of abuse (for review, see Tomie et al., 2008). Sign-trackers also exhibit higher dopamine levels in the NAcc to reward-predictive cues (Flagel et al., 2007). Finally, vulnerability to sign-tracking behavior positively predicts impulsive responding and alcohol self-administration (for review, see Tomie et al., 2008). Therefore, sign-tracking behavior may be used as an indicator for addiction vulnerability. As previously noted, AIE diminishes functional connectivity between the PFC and striatal regions, potentially leading to behavioral deficits in adulthood, including impairments in reward processing that may present as the sign-tracking phenotype in adult rats. Therefore, we hypothesized that restoring these connections, particularly the orbito-accumbens pathway that plays an integral role in reward processing, could reduce maladaptive sign-tracking behavior in adolescent alcohol exposed animals. 
Here, we utilized a PCA paradigm to study the effects of AIE exposure on sign- and goal-tracking behavior in adult female rats. In vivo optogentic techniques were employed to selectively activate neurons in the OFC projecting to the NAcc to determine how the activation of the orbito-accumbens pathway affects conditioned behavior in both AIE-exposed and control rats. Optogenetics is an experimental technique that allows for the optical control of neural activity by artificial incorporation of light-sensitive proteins into cell membranes in vivo (Cardin et al., 2010). Using viral vectors derived from adeno-associated viruses (AAV), specific cell types can be made to express the light-sensitive cation channel channelrhodopsin-2 (ChR2), allowing researchers to selectively stimulate neural pathways in the brain (Cardin et al., 2010). We predicted that stimulating orbito-accumbens projections would promote goal-tracking behavior and would potentially shift AIE-exposed animals from sign- to goal-trackers. 
Methods
Animals
[bookmark: _GoBack]        	This experiment used Sprague-Dawley female rats from in-house breeders. Female rats were utilized due to their observed larger behavioral response to adolescent alcohol exposure compared to males (Madayag et al., 2016). Animals were maintained in a temperature- and humidity-controlled vivarium with a 12:12 hour light:dark cycle with lights on at 0700. On postnatal day (P) 21, female littermates were weaned to 2 per cage.  Beginning on P25, rats received 5g/Kg intragastric ethanol (25% v/v in water; AIE) or an equivalent water volume (CON) once per day on a two-days-on, two-days-off schedule through P54. The AIE exposure models the alcohol exposure of underage binge drinking and encompasses rat adolescence (P25 – P54). Animals were pair housed until separated into individual cages after 3 weeks of behavioral training. The University of North Carolina Institutional Animal Care and Use Committee approved all experimental methods.
Pavlovian Training 
(See Figures 1 and 2 for the experimental timeline) At ~P67, rats were given a bottle of 20% sucrose in water for 1 hour in their home cage to become familiar with the reward solution. Rats began receptacle training on the same day, which consisted of being placed in standard behavioral chambers (Med Associates, St. Albans, VT) while 100 L of 20% sucrose was delivered to the reward receptacle in 120-230s intervals. This training was performed for rats to become familiar with the non-contingent reward delivery into the receptacle. The reward receptacle was checked after each session to ensure that the animals consumed the sucrose reward. Rats began PCA training in the standard behavioral chambers at ~P70. Rats were allowed to habituate in the behavioral chambers for 5 minutes before each session. Trials began with the presentation of the conditioned stimulus (CS) that consisted of an illuminated cue light directly above an extended lever. The CS was presented for 30s and terminated with delivery of 100 L of 20% sucrose solution into the reward receptacle. Each daily session consisted of 15 trials with variable inter-trial intervals (90-210s). Animals were separated into isolate housing after 15 sessions. After 20 sessions in the standard behavioral chambers, rats were trained for 5 sessions in larger behavioral chambers where laser stimulation would eventually take place. Next, rats received optic fiber implant surgery and were allowed to recover for one week.
        	After recovery, rats went through a 6-day habituation (Week 1) to tethering in the large behavioral chambers. On days 1 and 2, rats went through a standard behavioral session without tethering. On days 3 and 4, after a standard behavioral session, rats were attached to a flexible tether connected to the headstage assembly that was placed during surgery. Tethering occurred for 15 minutes and the animals were returned to their home cage. On days 5 and 6, rats were tethered for 10 minutes prior to a standard behavioral session and remained tethered throughout the session.
        	During Week 2, rats went through 3 days of standard behavioral sessions while being tethered. On day 4, rats received their first laser stimulation during the behavioral session. Rats then had 2 days of standard behavioral sessions while tethered. 
Surgery
Viral injection surgery: At ~P61, before PCA training, rats received viral injection surgery. The target structure for this procedure was the OFC. Coordinates for this structure were determined according to Paxinos and Watson (1998) rat brain atlas. Rats were injected with one of the following adeno-associated viruses: AAV5: CaMKIIa->hChR2(H134R)-EYFP (ChR2) and AAV5: CaMKIIa->EYFP (control/No ChR2). A 27ga cannula connected to a microsyringe was used to inject 1mL of the virus into each hemisphere of the OFC at 0.1mL/minute. After the injections, the animals were sutured and paired housed with a cage separator placed in the home cage. After 7-10 days of recovery, the sutures and cage separators were removed.
Optic fiber implant surgery: After their first 5 sessions of PCA in the larger behavioral chambers, rats received optic fiber implant surgery. The target structure in this procedure was the NAcc, with coordinates determined using Paxinos and Watson (1998) rat brain atlas. Optic fibers were bilaterally implanted at an 80° angle. A headcap was assembled on each rat, secured by four screws and dental cement. A connector was also placed in the headcap to allow for the connection with the tether. Animals were given one-week recovery before continuing behavioral sessions in the large chambers.
Behavioral analysis
Behavioral measures were recorded by the instrumentation (Med Associates, St. Albans, VT) in the standard and larger behavioral chambers. Behavioral measurements included lever presses, receptacle elevation scores, latency to lever press, and latency to receptacle entry. Elevation scores were calculated by subtracting the number of receptacle entries 30s prior to CS presentation from the number of receptacle entries during the CS presentation. Thus, elevation scores accounted for differences in activity triggered by the CS presentation and therefore more accurately measured conditioned responses. Latency to lever press and to receptacle entry was measured as the time taken to lever press or enter the receptacle after CS presentation onset. Animals were designated as sign-trackers (ST), goal-trackers (GT), or intermediates (INT) through a tracking score calculation. This calculation was conducted using the following formula: 

An animal with a score of 0.3 or lower was considered a goal-tracker, between 0.29 and +0.29 considered intermediate, and above +0.3 considered a sign-tracker. Animal behavior within each trial of the baseline and laser stimulation day sessions was analyzed using NeuroExplorer 4 to create perievent rasters of the timing and frequency of lever presses and receptacle entries (RE) ranging from 30 sec before to 40 sec after cue onset.  

Statistical Analyses 
	All statistical analyses were conducted using SigmaPlot 11.0. To determine whether there was a significant difference between tracking score values among the two exposures (AIE vs CON), the groups were collapsed across virus type and their tracking score values compared on baseline day. Because the data failed the normality test, a Mann-Whitney Rank Sum Test was used to determine significance. Exposure effects on tracking scores on baseline and laser stimulation days were analyzed using 2-way repeated measures ANOVA with day as the repeated-measures factor and exposure as the between-subjects factor. Separate analyses were conducted in the “No-ChR2” and “ChR2” experimental groups to compare tracking score results in the different exposure treatments. Comparisons across all four experimental groups were not conducted due to insufficient power in the CON-ChR2 and AIE-ChR2 groups (n=3 and 4 rats, respectively). 
Results 
Optic Fiber Placement  
Out of the nine animals in the AIE-ChR2 group, five animals had incorrect placement of the optic fiber, and of the remaining four rats, two had fiber placement in the NAcc shell in only one hemisphere (AEF148 and AEF152), while the other two had fiber placement in the NAcc shell of both hemispheres (AEF160 and AEF180; see Figure 3 for confirmation of virus expression and fiber placement in AEF160). The five animals with fiber placements outside of the NAcc were eliminated from the experiment due to possible behavioral effects of stimulating areas of the brain outside of the target structure. Due to time constraints, histology procedures could only be performed on four out of the total eight rats in the CON-ChR2 group. Out of these four, two animals had fiber placement in the NAcc shell in one hemisphere (AEF174 and AEF178), and one animal had placement in the NAcc shell in both hemispheres (AEF134). The remaining rat (AEF150) did not have correct fiber placement and was removed from the experiment. The four rats without histological analysis were removed from this report. 
Sign- and Goal-Tracking Behavior on Baseline Day  
	The AIE treatment groups (AIE-No ChR2 and AIE-ChR2) and the CON treatment groups (CON-No ChR2 and CON-ChR2) were collapsed to determine AIE effects on tracking score values on baseline day, which was one day before animals received laser stimulation. We found no effect of exposure on tracking score values on baseline day [Mann-Whitney U = 64.0, p = 0.926]. Using tracking score values, percentages of animals designated as ST, GT, or INT were calculated for each experimental group on baseline day (Table 1). We observed that both AIE groups had the highest percentage of sign-trackers on baseline day. In the AIE-No ChR2 group (n=8), 50% of the animals were designated as goal-trackers and 50% were sign-trackers. In the AIE-ChR2 group (n=4), 25% of the animals presented as goal-trackers while 75% were sign-trackers. There were no intermediate animals in either AIE group. The CON-ChR2 group (n=3) exhibited the highest percentage of goal-tracking animals on baseline day with 66.7% goal-trackers, 33.3% sign-trackers, and no intermediate animals. Finally, the CON-No ChR2 group (n=8) showed an even split between sign-trackers and goal-trackers on baseline day with 37.5% of animals in each category. This was the only group to exhibit any intermediate animals on baseline day with 25% of animals falling into this designation. Overall, both groups without channelrhodopsin-2 expression showed an even split between STs and GTs while the groups with expression had clear majority sign-tracking or goal-tracking animals. However, ultimately, we found that exposure had no significant effect on ST/GT/INT designations on baseline day.   
CON- and AIE-No ChR2 Response to Laser Stimulation 
	CON-No ChR2 and AIE-No ChR2 did not have expression of channelrhodopsin-2 within the virus injected into the OFC. Using the tracking score calculation, we saw that the majority of animals did not exhibit a significant change in their tracking score going from baseline to laser stimulation day (Figure 4). There were no significant differences found between exposure group [F(1,14) = 0.434, p = 0.521] or between baseline vs laser stimulation day tracking scores [F(1,14) = 0.0777, p = 0.784]. There was also not a significant day-by-exposure interaction [F(1,14) = 3.367, p = 0.088]. However, three of the eight CON animals showed a great enough difference in their tracking score to result in a change in their designation as either ST, GT, or INT. Two animals (AEF149 and AEF181) were classified as sign-trackers on baseline day and displayed a large enough decrease in each of their tracking scores on laser stimulation day to become classified as goal-trackers. AEF149’s decrease in tracking score was the result of this animal reducing its lever presses from 89 to 1 on laser stimulation day. AEF181’s decrease in tracking score resulted from this animal increasing its receptacle elevation score from -2 to 10 on laser stimulation day. The third animal (AEF169) exhibited an increase in its tracking score on laser stimulation day and went from an intermediate animal to a sign-tracker. This animal’s increase in tracking score was the result of an increase in lever presses from 37 to 80 on laser stimulation day. In the AIE group, one out of eight animals exhibited a change in its ST/GT/INT designation on laser stimulation day. This animal (AEF179) showed an increase in its tracking score on laser stimulation day and transitioned from a goal-tracker to a sign-tracker. AEF179 reduced its receptacle elevation score from 9 to -5 on laser stimulation day, resulting in the change from GT to ST. In summary, 25% of rats altered their ST/GT/INT score between baseline and laser stimulation days, despite not being sensitive to the laser pulses. However, the direction of change was not consistent, with two rats showing a reduction in their tracking score and two rats showing an increase.  
CON- and AIE-ChR2 Response to Laser Stimulation 
	Channelrhodopsin-2 was expressed within the virus injected into the OFC in the CON-ChR2 and AIE-ChR2 groups. We once again used the tracking score calculation to examine how animals changed their scores from baseline to laser stimulation day (Figure 5). We found no significant differences between exposure group [F(1,5) = 0.446, p = 0.534] or between baseline vs laser stimulation day [F(1,5) = 0.733, p = 0.431]. There was also not a significant day-by-exposure interaction [F(1,5) = 0.738, p = 0.430]. In the CON group, no animals exhibited a change in their designations as sign-trackers or goal-trackers in going from baseline to laser stimulation day. Two of the three animals within this group remained classified as goal-trackers on laser stimulation day. The third animal remained classified as a sign-tracker on laser stimulation day. 
In the AIE group, two of the four animals show a change in their ST, GT, INT designations. AEF152, which had optic fiber placement in only one hemisphere, displayed a reduction in its tracking score on laser stimulation day and shifted from a sign-tracker to a goal-tracker. This animal decreased its lever presses from 93 to 15 on laser stimulation day while slightly increasing its receptacle elevation score on laser stimulation day (43 to 44). AEF160, which had optic fiber placement in both hemispheres, also exhibited a reduction in its tracking score and shifted from a sign-tracker on baseline day to an intermediate animal on laser stimulation day. This animal’s lever presses increased slightly on laser stimulation day (83 to 85). However, AEF160 increased its receptacle elevation score from 32 to 52 on laser stimulation day, resulting in the overall reduction in its tracking score. AEF148 was the other animal in the AIE group with optic fiber placement in only one hemisphere. This animal remained classified as a goal-tracker on both baseline and laser stimulation days. AEF180, which received optic fiber placement in both hemispheres along with AEF160, remained classified as a sign-tracker on both baseline and laser stimulation days. In sum, there were no animals in the CON-exposure group that changed their ST/GT/INT designation on laser stimulation day, but two out of the four rats in the AIE-exposure did display a shift from sign-tracking to either goal-tracking or intermediate behavior. Still, differences between exposure groups or between baseline and laser stimulation days were not statistically significant. 
AIE-ChR2 Within Session Behavior 
	AEF152 and AEF160 were the two animals in the AIE-ChR2 group that displayed a reduction in tracking score on laser stimulation day. To examine how these animals changed their behavior within each session to produce this tracking score reduction, we created perievent raster plots which displayed the timing and frequency of lever presses and receptacle entries (RE) throughout each of the 15 trials during the baseline and laser stimulation day sessions. These plots ranged in time from 30 sec before cue onset to 40 sec after cue onset and were used to observe if changes in conditioned responses in these two rats were occurring early, late, or consistently throughout the PCA behavioral sessions. On baseline day, AEF152 continued to lever press throughout the 15 trials (Figure 6). On laser stimulation day, we saw that AEF152 almost completely stopped lever pressing after the second trial. In contrast, the timing and frequency of receptacle entries remained relatively the same on both baseline and laser stimulation days for this animal. The second rat, AEF160, exhibited an increase in lever presses after cue onset throughout each trial on laser stimulation day and an increase in receptacle entries both before cue onset and after cue onset on laser stimulation day compared to baseline (Figure 7). While both these animals display a reduction in tracking score large enough to shift out of the sign-tracking phenotype, each animal changed their behavior on laser stimulation day in a distinctive manner. Comparing baseline to laser stimulation day, AEF152 reduced its lever presses while keeping receptacle entries constant while AEF160 increased both lever presses and receptacle entries.
Discussion 
	Using a PCA paradigm and the selective activation of neurons in the OFC projecting to the NAcc, we examined how adolescent alcohol exposure affects conditioned responses and whether these responses can be shifted through optogenetic manipulation. We found that female rats that had been exposed to adolescent alcohol and had received virus injection with expression of channelrhodopsin-2 within the OFC, allowing for the selective activation of the orbito-accumbens pathway, exhibited an unreliable shift in phenotype when stimulated by the laser. Two out of the four animals in the AIE-ChR2 group displayed the hypothesized shift on laser stimulation day, changing from a sign-tracker to a goal-tracker or to an intermediate phenotype. The other two females within this group showed no change in phenotype when this same pathway was activated, remaining either a sign-tracker or a goal-tracker on laser stimulation day. Importantly, control animals, receiving water throughout adolescence as well as channelrhodopsin-2 expression within the OFC, displayed no phenotypic shift on laser stimulation day. These results could indicate that although both CON-ChR2 and AIE-ChR2 rats were subject to the activation of the orbito-accumbens pathway on laser stimulation day, shifts in phenotype, although unreliable, were more likely to occur in AIE-exposed rats. However, the sample size for both of these critical groups was very small, therefore replication in more animals is necessary to further study this result. If confirmed, this finding supports the hypothesis that the conditioned responses resulting from adolescent alcohol exposure are malleable and vulnerable to change through optogenetic manipulation.	
	In previous studies, AIE exposure has been shown to reduce goal-tracking behavior and enhance sign-tracking behavior in adult rats (Madayag et al., 2016). In the present study, we did not observe a reliable effect of AIE to enhance sign-tracking or reduce goal-tracking in adult female rats. However, this conditioned behavior is subject to considerable individual variability. Different phenotypes in PCA behavior can emerge due to environmental or genetic factors (for discussion, see Pitchers et al., 2015). For instance, research has shown that early life stress as a consequence of maternal separation results in adult rats exhibiting more sign-tracking behavior (Lovic et al., 2011). Genetic factor are possible, as Sprague-Dawley rats are an outbred strain. Increasing the sample size to control for possible environmental or genetic factors influencing PCA behavior might be needed to observe the reported effect of AIE exposure. 
Adolescent binge drinking disrupts the development of the adolescent brain (for review, see Crews et al., 2016) and can lead to potential long-term effects in adulthood such as decreased cognitive function and vulnerability to substance abuse disorders (Brown et al., 2000). The specific mechanisms by which adolescent binge drinking increases susceptibility to AUD in adulthood are unknown. It has been shown that AIE-exposed adult rats display diminished resting-state functional connectivity as measured with MRI within the prefrontal cortex (PFC) and between the PFC and striatal regions (Broadwater et al., 2017). The orbito-accumbens projection, a frontostriatal connection between the OFC and the NAcc, was one such projection showing reduced functional connectivity in the adult rat brain after adolescent alcohol exposure (Broadwater et al, 2017). This projection is part of the frontolimbic network and undergoes functional and structural connectivity changes throughout adolescence (for discussion, see Broadwater et al., 2017). Therefore, one specific mechanism by which adolescent binge drinking may disrupt cognitive function and increase AUD susceptibility in adulthood is by decreasing functional connectivity between the OFC and NAcc. To test this hypothesis, we utilized optogenetics to selectively activate OFC neurons projecting to the NAcc and observed how this activation affected conditioned responses in both AIE-exposed and CON-exposed rats. Our results did not support the stated hypothesis as AIE-exposed rats did not show a reliable shift in sign-tracking phenotype in response to optogenetic activation of the orbito-accumbens pathway. 
Although the MRI study did not distinguish between the NAcc core and shell subregions, we originally targeted the NAcc core for optic fiber placement. This brain region is implicated in Pavlovian sign-tracking behavior, and studies have shown that lesions of the core during training impaired the acquisition of sign-tracking behavior (Parkinson et al., 2000). After histology was performed, we determined that optic fibers were placed within the NAcc shell rather than the core. The NAcc shell may play a different role than the NAcc core in Pavlovian conditioned responses. Studies indicate that the shell may have an effect on the initial acquisition of Pavlovian conditioning through the rewarding effects of novelty (for review, see Tomie et al., 2008). Using fast-scan cyclic voltammetry, it was determined that dopamine release was confined to the NAcc shell during a brief period of entry into a novel space (Rebec, 1998). Additional studies have shown that the NAcc shell is required to inhibit conditioned approach behavior when the reward is not available (Blaiss and Janak, 2009) and that the NAcc core and shell are involved in two independent, interacting neural networks with the shell mediating the excitatory effects of stimuli that anticipate the reward (Corbit, Muir, & Balleine, 2001). Due to the differential roles between the NAcc core and shell in determining Pavlovian conditioned responses, the behavioral responses of laser stimulation in the four animals within the AIE-ChR2 group must be examined with the knowledge that the NAcc shell and not the core was the structure targeted by optic fibers. While only two out of these four animals showed a phenotypic shift in behavior, one animal, AEF152, displayed the largest behavioral change during the laser stimulation session after the first two trials. This animal, which on the previous baseline day exhibited consistent lever presses throughout the 15 trials, almost completely stopped lever pressing after the first two trials on laser stimulation day (Fig. 6). Although it cannot be conclusively said that activation of OFC neurons projecting to the NAcc shell rather than the core is responsible for the cessation of lever pressing after the initial two trials, AEF152’s behavioral response on laser stimulation day and its potential relation to shell targeting should be replicated in more animals and compared to NAcc core targeting. 
Ultimately, the goal of this study was to shed light on one possible mechanism by which adolescent alcohol exposure disrupts brain development and alters conditioned responses to lead to maladaptive sign-tracking behavior. The orbito-accumbens pathway was specifically targeted due to its involvement in reward processing and due to previous findings showing that resting-state connectivity is reduced between these two brain areas in adult rats after AIE exposure. Previous studies have not examined the activity of this pathway during PCA behavioral sessions. We did not find that activating this projection in AIE-exposed rats lead to a reliable shift from sign-tracking to goal-tracking behavior. However, due to incorrect optic fiber placement after histological analysis, our sample size was reduced to four animals in the AIE-ChR2 group and optic fibers were placed in the NAcc shell rather than the core, presenting a different experimental manipulation than initially desired. Therefore, although we did not observe a reliable shift in phenotype due to optogenetic activation of the orbito-accumbens pathway, this pathway is likely still affected by adolescent binge drinking and involved in mediating maladaptive conditioned responses in adulthood. Furthermore, the specific mechanisms by which adolescent alcohol exposure leads to numerous deleterious consequences during adulthood are complex and involve multiple pathways within the PFC and between the PFC and striatal regions. Additional experiments must be performed to study these pathways and to potentially uncover therapeutic treatments to those suffering from AUD. 
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Tables and Figures 

Table 1. Percent Rats in Tracking Score Categories on Baseline Day 
	
	CON-No ChR2 (n=8)
	AIE-No ChR2 (n=8)
	CON-ChR2 (n=3)
	AIE-ChR2 (n=4)

	GT 
	37.5
	50
	66.7
	25

	INT
	25
	0
	0
	0

	ST 
	37.5
	50
	33.3
	75


AIE, adolescent intermittent ethanol; CON, control exposure (adolescent water administration); ChR2, channelrhodopsin-2 present in AAV vector; No ChR2, channelrhodopsin-2 absent in AAV vector; data are presented as % animals within each group  
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Figure 2. Procedural timeline of Week 1 and 2 experiments after recovery of optic fiber implant surgery. Week 1 served as 6 day habituation to tethering in the large behavioral chambers. Rats received laser stimulation during Week 2. 
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Figure 3. Histology and schematic of optic fiber placement in animal AEF160. (a) Histology results confirming viral expression of EYFP in the OFC with anterior/posterior coordinates determined by the rat brain atlas (http://labs.gaidi.ca/rat-brain-atlas/?ml=3&ap=1.2&dv=4.2). (b) Schematic of optic fiber placement with red lines indicating the path of optic fibers. AEF160 had optic fiber placement in the NAcc shell of both hemispheres. 
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Figure 4. Tracking score values for CON-No ChR2 (n=8) and AIE-No ChR2 (n=8) individual animals on baseline and laser stimulation days. Values of -0.3 or less indicate goal-trackers, from -0.29 to +0.29 are intermediate animals, and +0.3 and above are designated as sign-trackers. There were no significant differences found between CON and AIE exposure groups, baseline vs laser stimulation day, nor any significant day-by-exposure interaction.  
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Figure 5. Tracking score values for CON-ChR2 (n=3) and AIE-ChR2 (n=4) individual animals on baseline and laser stimulation days. Sign-trackers, goal-trackers, and intermediate designations were determined as previously noted in Fig. 4. There were no significant differences found between CON and AIE exposure groups, baseline vs laser stimulation day, nor any significant day-by-exposure interaction. 
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Figure 6. Perievent raster plots of AEF152’s receptacle entries (RE) and lever presses on baseline and laser stimulation day. The Y-axis shows frequency of either behavior measured as impulses (occurrence of behavior) per sec and the X-axis shows the time ranging from 30 sec before cue onset (x=0) to 40 sec after the cue; the sucrose reward is delivered 30 sec after the cue onset. Black dashes indicate occurrence of behavior within each of the 15 trials (trials displayed horizontally). Black lines represent frequency of each behavior across all trials at that time. AEF152 showed a reduction in lever presses on laser stimulation day without change in receptacle entries. 
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Figure 7. Perievent raster plots of AEF160’s receptacle entries (RE) and lever presses on baseline and laser stimulation day. Plots are set up as described in Fig. 6 caption. AEF160 showed an increase in receptacle entries both before and after cue onset and an increase in lever presses on laser stimulation day. 
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