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SUPPLEMENTAL METHODS

Vapor drug treatment
Rats were exposed to vapor in sealed vapor exposure chambers (152 mm W X 178 mm H X 330 mm L; La Jolla Alcohol Research, Inc, La Jolla, CA, USA). E-vape controllers (Model SSV-3 or SVS-200; 58 watts; La Jolla Alcohol Research, Inc, La Jolla, CA, USA) were used to trigger Smok Baby Beast Brother TFV8 sub-ohm tanks equipped with V8 X-Baby M2 0.25 ohm coils.  The exposure chambers were attached to vacuum exhaust lines that pulled ambient air through intake valves at ~2 L per minute. 
Rats underwent twice daily heroin (50 mg/mL in PG) or PG (control) vapor exposure sessions (30-minute duration) separated by a 6-hour inter-session interval beginning on PND 36 for the adolescents, or PND 85 for the adults. Vapor exposure sessions continued for total of 10 days (20 sessions; PND 36-45 or PND 85-94). Sessions consisted of six-second vapor deliveries triggered at five-minute intervals. Rats were exposed to vapor treatment in groups of four per chamber. The house vacuum line was turned on 30 seconds prior to vapor deliveries and closed immediately after. The total vapor clearance time was ~5 minutes. Vapor began being cleared from the chamber 4.5 minutes after the last vapor delivery. This procedure was described previously described [1].
Thermal nociception
Nociception assays
Tail-withdrawal tests were performed using a Branson Brainsonic CPXH Ultrasonic Bath (Danbury, CT). Water temperatures were set and maintained at 46oC, 48oC, 50oC, or 52oC (+/-0.10oC) depending on the experiment. Prior to each measurement, the water bath was stirred, and the water temperature was verified by using a second thermometer. Withdrawal latencies were measured with a stopwatch, and a cutoff of 15 sec was used to avoid any potential for tissue damage. 
Baseline Nociception
Tail-withdrawal measurements were obtained at 12 weeks of age (PND 85-87) in the Adolescent-Exposed groups or at 19 weeks of age (PND 134-136) in the Adult-Exposed groups. Baseline nociception was assessed by measuring tail-withdrawal latencies across a range of water temperatures (46oC-52oC), as previously described [1]. Tail-withdrawal tests were performed over two days, with one day in between test days. Two temperatures were assessed per day. Measurements for each temperature were separated by 120 minutes. A counterbalanced order was used for the two temperature conditions for each test day.
[bookmark: OLE_LINK2]Baseline nociception was assessed a second time in Adolescent and Adult groups at 17 weeks (PND 121) and 24 weeks (PND 170) of age, respectively. For this set of measurements, the target water temperature was 46oC. This temperature was selected based on the findings from our initial baseline nociception experiment and our previous work [1] showing that differences associated with repeated heroin vapor exposure are optimally detected at the lower range of temperatures. 
Anxiety-like behavior
Apparatus
The elevated plus-maze (EPM) apparatus consisted of two opposing closed arms and two opposing open arms perpendicular to the closed arms. The walls of the closed arms measured 40 cm in height. The EPM was suspended 50 cm above the floor. An ethanol solution was used to clean the EPM after each subject completed testing in the apparatus.

Spatial learning
Barnes maze apparatus
	A Barnes maze apparatus consisting of a black circular platform (122 cm in diameter) was used to test spatial learning in rats. The apparatus had 20 holes, each measuring 10 cm in diameter, evenly spaced around the periphery. The top of the maze was 68.5 cm from the ground. Each hole, with the exception of the designated escape hole, was open, while the designated escape hole led to a removable black goal box.
Barnes maze procedure
Three days before commencing testing (PND 102 and 151 for the Adolescent- and Adult-Exposed groups, respectively), each rat was placed in an opaque container and transferred into the goal box through the escape hole. The container was used to minimize the animal’s exposure to the test room environment. The goal box was then covered, and each rat was allowed to habituate for a total of three minutes. The goal box was then removed with the rat inside, and the animal was transferred back to their home cage. The acquisition phase began three days after habituation and continued for five days (Adolescent-Exposed PND 105-109; Adult-Exposed PND 154-158). Each testing day consisted of two trials, with each trial totaling two minutes in duration. The two trials were averaged for any given day, and the mean used for the statistical analysis. Testing was performed in cohorts of 5-6 rats at a time, and all rats in a group were required to complete the first trial prior to any rat beginning the second.  The reversal phase (Adolescent-Exposed PND 112-116; Adult-Exposed PND 161-165) began two days after the completion of the last acquisition day. For the reversal phase, the location of the escape hole was rotated 180˚. As with acquisition, reversal consisted of two trials per day, each trial totaling two minutes in duration. On each test day, trials commenced by transferring rats in a container to the center of the maze apparatus. Rats were confined to the container for 10 seconds before it was lifted, at which point the test began and behavior was measured and recorded using AnyMaze software (Stoelting, Wood Dale, IL). Upon completion of each trial, rats were returned to their cages to await the next trial or be returned to the vivarium, and the apparatus was thoroughly cleaned using an alcohol solution. For any rat that did not reach the escape location within the allotted time, a score equivalent to the maximum possible duration (i.e., 2 minutes) was given.     


SUPPLEMENTAL RESULTS

Baseline Nociception
A two-factor analysis was performed on baseline nociception data recorded at a second timepoint from the Adolescent-Exposed and Adult-Exposed groups at 17 weeks (PND 121) and 24 weeks (PND 170) of age, respectively. The analysis confirmed only a main effect of Age (F (1, 28) = 4.40, p < 0.05); the Adult-Exposed groups exhibited significantly longer tail-withdrawal latencies compared with the Adolescent-Exposed groups (Fig. 3A). 
To determine the effects of Time of assessment, a separate three-way analysis that included both the PND 85 / PND 134 (46 °C only) and PND 121 / PND 170 nociception assessment timepoints was performed. Only a main effect of Age (F (1, 28) = 4.56, p < 0.05) was confirmed, and the withdrawal latencies for the Adult-Exposed groups were significantly longer compared with those from the Adolescent-Exposed groups (Fig. 3B).
	[image: ]

	[bookmark: OLE_LINK4]Fig. S1. Mean (±SEM) tail-withdrawal latencies during the baseline recording at 17 and 24 weeks of age for the Adolescent-Exposed (N=16; 8 PG, 8 Heroin) and Adult-Exposed (N=16; 8 PG, 8 Heroin) groups (A), respectively. First and second baseline tail-withdrawal measurements taken at 46°C by Treatment Group (B). A significant difference between the Adolescent-Exposed and Adult-Exposed groups is indicated with a *.
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