1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.

-, HHS Public Access
«

Published in final edited form as:
Exp Clin Psychopharmacol. 2021 February ; 29(1): 1-13. doi:10.1037/pha0000373.

Effects of A9-tetrahydrocannabinol (THC) vapor inhalation in
Sprague-Dawley and Wistar rats

Michael A. Taffel:2* Kevin M. Creehan!2, Sophia A. Vandewater!, Tony M. Kerrl, Maury
Cole3
1Department of Neuroscience, The Scripps Research Institute, La Jolla, CA USA

2Department of Psychiatry, University of California San Diego, La Jolla, CA USA
3La Jolla Alcohol Research, Inc, La Jolla, CA USA

Abstract

An inhalation system based on e-cigarette technology produces hypothermic and anti-nociceptive
effects of A%-tetrahydrocannabinol (THC) in rats. Indirect comparison of some prior investigations
suggested differential impact of inhaled THC between Wistar (WI) and Sprague-Dawley (SD) rats,
thus this study was conducted to directly compare the strains across inhaled and injected routes of
administration.

Groups (N=8 per strain) of age matched male SD and WI rats were prepared with radiotelemetry
devices to measure temperature and then exposed to vapor from the propylene glycol (PG) vehicle
or THC (25-200 mg/mL of PG) for 30 or 40 minutes. Additional studies evaluated effects of THC
inhalation on plasma THC (50-200 mg/mL) and nociception (100-200 mg/mL) as well as the
thermoregulatory effect of intraperitoneal injection of THC (5-30 mg/kg).

Hypothermic effects of THC were more pronounced in SD rats, where plasma levels of THC

were identical across strains, under either fixed inhalation conditions or injection of a mg/kg
equivalent dose. Strain differences in hypothermia were largest after i.p. injection of THC with

SD rats exhibiting dose-dependent temperature reduction after 5 or 10 mg/kg, i.p. and the WI rats
only exhibiting significant hypothermia after 20 mg/kg, i.p. The anti-nociceptive effects of inhaled
THC (100, 200 mg/mL) did not differ significantly across the strains. These studies confirm

an insensitivity of WI rats, compared with SD rats, to hypothermia induced by THC following
inhalation conditions that produced identical plasma THC and anti-nociception. Thus, quantitative,
albeit not qualitative, strain differences may obtain when studying thermoregulatory effects of
THC.
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Humans increasingly use e-cigarette devices filled with cannabis extracts to administer
Ad-tetrahydrocannabinol (THC) and other constituents (Mammen, Rehm, & Rueda, 2016;
Morean, Kong, Camenga, Cavallo, & Krishnan-Sarin, 2015; Morean, Lipshie, Josephson,
& Foster, 2017). This has spurred development of pre-clinical models which are capable

of a similar route of drug administration in laboratory rodents. Recent studies showed

that intrapulmonary delivery of THC using an e-cigarette based system results in a dose-
dependent hypothermia and anti-nociception in male and female rats (Nguyen et al., 2016);
a similar system produces hypothermia in mice after inhalation of synthetic cannabinoid
agonists (Lefever et al., 2017). Effects of cannabidiol and nicotine inhalation in combination
with THC appear to produce independent effects (Javadi-Paydar, Creehan, Kerr, & Taffe,
2019; Javadi-Paydar, Kerr, Harvey, Cole, & Taffe, 2019; Javadi-Paydar et al., 2018) and
repeated inhalation of THC produces tolerance in adult rats (Nguyen et al., 2018). Repeated
adolescent inhalation of THC induces tolerance that lasts into early adulthood, and changes
in motivated behavior (Nguyen, Creehan, Kerr, & Taffe, 2020). Most provocatively, a recent
study appears to show evidence of THC self-administration via the inhalation route in

rats (Freels et al., 2020). If confirmed, this has the potential to revolutionize study of the
reinforcing properties of THC alone and in context of other exogenous cannabinoids.

Recent discussion of replication and reliability across scientific disciplines (Coiera,
Ammenwerth, Georgiou, & Magrabi, 2018; Davis-Kean & Ellis, 2019; Gerlai, 2019; Kafkafi
etal., 2018; Waters, LeBeau, Young, Dowell, & Ryan, 2019) identifies the generalization
of effects, beyond narrowly constrained protocols, as a key issue. It may be the case that
what appear to be minor variations from a published method are in fact important and the
target effect(s) do(es) not generalize across such variations. It is therefore of significant
interest with new methods to determine where methodological choices, e.g., rat strain, do
or do not affect experimental outcomes. Such differences may be qualitative (present in

one strain, absent in another) or quantitative (differing in maximum extent of a response

or in a dose-response relationship). While our prior studies of cannabinoid inhalation

have shown efficacy (e.g., for thermoregulation and nociception) in both Wistar (WI) and
Sprague-Dawley (SD) rats (Javadi-Paydar, Kerr, et al., 2019; Javadi-Paydar et al., 2018;
Nguyen et al., 2016), the observed effects have not been directly compared across the
strains. The major goal of this study was therefore to determine any strain differences using
age- and treatment-matched male rats.

Previous studies have reported some strain-related differences in the effects of THC.

For example, adolescent THC exposure differentially affects adult measures of learning,
with WI rats shown to be less sensitive than Long-Evans rats (Keeley, Trow, Bye, &
McDonald, 2015), and repeated adolescent THC injection resulted in different effects on
heroin conditioned place preference in Fischer 344 versus Lewis rats (Cadoni, Simola, Espa,
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Fenu, & Di Chiara, 2015). Strain differences are not always found in THC response, for
example, there were no differences between Fischer and Lewis rat strains reported in a
study of THC-induced conditioned taste avoidance and hypothermia (Wakeford & Riley,
2014). Apart from direct comparison studies such as these, it is difficult to compare across
strains as a given laboratory will typically adopt a single rat strain (and often a single sex),
and fixed methodological parameters with respect to route of administration (i.p. versus
i.v. injection), dose ranges, types of assay (rectal temperature versus telemetry, fixed time
points, etc).

A substantial decrease in body temperature, and a decrease in nociceptive sensitivity, are
major indicators of cannabinoid-like activity in laboratory rodents (Wiley, Marusich, &
Huffman, 2014) and are therefore ideal /n vivo readouts for determining efficacy. Prior
studies from this laboratory found that vapor inhalation of THC using an e-cigarette based
system decreases body temperature, with an observed nadir similar to the effects of 10-20
mg/kg THC, i.p. (Javadi-Paydar et al., 2018; Nguyen et al., 2016) but with a duration

of action that was much shorter (Taffe, Creehan, & Vandewater, 2015). These studies

also found anti-nociceptive effects of inhaled THC that were comparable in magnitude

to those produced by THC injection. Although we’ve previously shown efficacy of the

THC inhalation procedure independently in SD and WI strains, there appeared to be a

slight difference in thermoregulatory sensitivity with SD rats reaching a lower nadir body
temperature (Javadi-Paydar et al., 2018; Nguyen et al., 2016). Since our prior studies were
not designed as direct strain-comparisons (i.e., with age-matched groups treated identically),
additional investigation is needed. It continues to be important to connect results of the more
translationally relevant inhalation model to a broader previous literature involving THC
injection. This study was therefore designed to determine if responses to THC inhalation and
THC injection differed across two common laboratory rat strains.

Method

Subjects

Male Wistar (WI; Charles River, New York; N=10) and Sprague-Dawley (SD; Harlan,
Livermore, CA; N=10) rats were housed in humidity and temperature-controlled (23+2 °C)
vivaria on 12:12 hour light:dark cycles. Rats had ad /ibitum access to food and water in
their home cages and all experiments were performed in the rats’ scotophase. Rats entered
the laboratory at 9 weeks of age on a single arrival day. The majority of the studies were
conducted on a fixed subset of N=8 per group with the remaining N=2 per group being used
in a subset of the plasma studies, as described below. All procedures were conducted under
protocols approved by the Institutional Animal Care and Use Committee of The Scripps
Research Institute.

Radiotelemetry

Rats were implanted with sterile radiotelemetry transmitters (TA-F40; Data Sciences
International, St Paul, MN) in the abdominal cavity as previously described (Taffe et al.,
2015; Wright et al., 2012) at 10 weeks of age. For experiments, starting at 12 weeks of age,
rats were evaluated in clean standard plastic homecages (thin layer of bedding) in a dark
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testing room, separate from the vivarium, during the (vivarium) dark cycle. Radiotelemetry
transmissions were collected via telemetry receiver plates (Data Sciences International, St
Paul, MN; RPC-1 or RMC-1) placed under the cages as described in prior investigations
(Aarde, Huang, Creehan, Dickerson, & Taffe, 2013; Miller et al., 2013). Test sessions

for inhalation studies started with a 15 minute interval to ensure data collection, then a

15 minute interval for baseline temperature and activity values followed by initiation of
vapor sessions in a separate chamber; animals were returned to the recording chamber after
cessation of the inhalation interval. The 15 minute baseline was omitted for the studies with
intraperitoneal injection of THC due to the delayed onset of hypothermia (Nguyen et al.,
2016; Taffe et al., 2015). Pre-treatment drugs or vehicle for the antagonist studies were
injected prior to THC administration as specified in the following experimental descriptions.

A-tetrahydrocannabinol (THC) was administered by vapor inhalation with doses described
by the concentration in the propylene glycol (PG) vehicle and by the duration of inhalation.
Our prior reports show that 30 minutes of inhalation of vapor produced from THC
concentrations of 50-200 mg/mL produce plasma THC levels similar to those produced

by 3-10 mg/kg THC, i.p. (Javadi-Paydar et al., 2018; Nguyen et al., 2016). THC was also
administered intraperitoneally in doses of 5, 10, 20 or 30 mg/kg. SR141716 (Rimonabant;
SR) was administered intraperitoneally in a dose of 4 mg/kg. The dose was selected from
precedent literature, including our prior study (Taffe et al., 2015), as well as pilot work

in the laboratory. For injection, THC or SR were suspended in a vehicle of 95% ethanol,
Cremophor EL and saline in a 1:1:8 ratio. The THC was provided by the U.S. National
Institute on Drug Abuse; SR141716 was obtained from ApexBio (New Delhi, Delhi, India;
Distributor: Fisher Scientific, Pittsburgh, PA, USA).

Inhalation Apparatus

Sealed exposure chambers were modified from the 259 mm x 234 mm x 209 mm
Allentown, Inc (Allentown, NJ) rat cage to regulate airflow and the delivery of vaporized
drug to rats as has been previously described (Nguyen et al, 2016a; Nguyen et al, 2016b).
An e-vape controller (Model SSV-1; La Jolla Alcohol Research, Inc, La Jolla, CA, USA)
was triggered to deliver the scheduled series of puffs from Protank 3 Atomizer (Kanger
Tech; Shenzhen Kanger Technology Co.,LTD; Fuyong Town, Shenzhen, China) e-cigarette
cartridges by MedPC IV software (Med Associates, St. Albans, VT USA). The chamber
air was vacuum-controlled by a chamber exhaust valve (i.e., a “pull” system) to flow room
ambient air through an intake valve at ~1 L per minute. This also functioned to ensure that
vapor entered the chamber on each device triggering event. The vapor stream was integrated
with the ambient air stream once triggered.

Plasma THC analysis

Blood samples were collected (~500 l) via jugular needle insertion following anesthesia
with an isoflurane/oxygen vapor mixture (isoflurane 5% induction). Plasma THC content
was quantified using fast liquid chromatography/mass spectrometry (LC/MS) adapted from
(Irimia, Polis, Stouffer, & Parsons, 2015; Lacroix & Saussereau, 2012; Nguyen et al.,
2018). 50 pl of plasma were mixed with 50 ul of deuterated internal standard (100 ng/ml
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CBD-d3 and THC-d3; Cerilliant), and cannabinoids were extracted into 300 pL acetonitrile
and 600 pl of chloroform and then dried. Samples were reconstituted in 100 pl of an
acetonitrile/methanol/water (2:1:1). Separation was performed on an Agilent LC1100 using
an Eclipse XDB-C18 column (3.5um, 2.1mm x 100mm) using gradient elution with water
and methanol, both with 0.2 % formic acid (300 pl/min; 73-90%). Cannabinoids were
quantified using an Agilent MSD6140 single quadrodpole using electrospray ionization
and selected ion monitoring [CBD (m/z=315.2), CBD-d3 (m/z=318.2), THC (m/z=315.2)
and THC-d3 (m/z=318.2)]. Calibration curves were conducted daily for each assay at a
concentration range of 0-200 ng/mL and observed correlation coefficients were 0.999.

Experiments

The timing of the experiments is schematized in Figure 1 which also depicts the body weight
of the groups across the study. Animals were exposed to THC no more frequently than
weekly across the entire study.

Experiment 1 (Thermoregulatory and locomotor response to Inhaled THC)—
The inhalation sessions were 30 minutes in duration with four vapor puffs delivered every
5 minutes. The THC concentration was 0, 25 or 100 mg/mL with dosing order randomized
within sub-cohorts of 8 (N=4 per strain). The first sub-cohort was evaluated before the first
plasma study (see below) and the second sub-cohort was evaluated in weeks 14-15, with
active doses being evaluated no more frequently than once per week.

Experiment 2 (Plasma THC 1, 2)—The rats were exposed to an inhalation session (THC
100 mg/mL for 30 minutes) after which a blood sample (~500 pL) was obtained via jugular
venipuncture under anesthesia with an isoflurane/oxygen vapor mixture (isoflurane 5%
induction) in week 13 (time 1) and in week 25 (time 2). Accounting for chamber clearance
and anesthesia the samples were obtained ~5-8 minutes after the session conclusion.

Experiment 3 (Thermoregulatory and locomotor response to THC, i.p.)—The
rats were injected with THC (0.0, 5.0, 10.0 mg/kg, i.p.) in a counterbalanced order across
weeks 16-18 with all animals tested concurrently. Due to the expected timecourse of effects
(Taffe et al., 2015), there was no habituation interval beyond the initial 5-10 minutes to
ensure telemetry sampling was operating properly. A followup study was conducted during
weeks 27-28 in which rats were injected with a higher dose of THC (0.0, 20.0 mg/kg, i.p.)
in a counter-balanced order within the groups.

Experiment 4 (SR141716 prior to vapor inhalation)—A study was conducted in
which rats were injected with the vehicle or SR141716 (4 mg/kg, i.p.) fifteen minutes
prior to the start of 30 minute inhalation sessions of PG or THC (100 mg/mL) vapor

in a counterbalanced order. The goal was to determine if a dose of this cannabinoid
receptor antagonist/inverse agonist that blocks the hypothermia induced by injected THC
also blocks hypothermia induced by inhaled THC. The dose was selected based on prior
experiments showing efficacy against THC when injected (Nguyen et al., 2016; Taffe et
al., 2015). Telemetry data were only available from 7 animals per group in this study due
to experimental exigencies. Approximately half of the test days (counterbalanced order
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within each group) were completed prior to Experiment 5 and half after the second plasma
experiment.

Experiment 5 (Anti-nociception)—The rats were exposed to inhalation sessions (PG,
THC 100 mg/mL or THC 200 mg/mL for 30 minutes) and assessed on a tail-withdrawal
assay (52 °C water bath) using methods previously described (Javadi-Paydar et al., 2018).
Tail withdrawal latency was assessed before the start of inhalation, and after the session (35,
60 and 120 minutes after the start of inhalation).

Experiment 6 (Plasma THC 3, 4)—Blood samples were obtained in Weeks 33 and

34 following inhalation of THC (50, 200 mg/mL for 30 minutes in balanced order) and

in Weeks 37 and 38 one hour after injection of THC (10, 20 mg/kg, i.p. in balanced

order). (The groups also received vapor inhalation of nicotine (30 mg/mL) for 30 minutes

in Week 46 for a plasma study not reported herein.) The additional 2 animals per group

were included for these plasma experiments after participating in unrelated pilot experiments
involving inhalation of oxycodone and heroin.

Experiment 7 (SR141716 prior to THC i.p.)—The effect of pretreatment with vehicle
versus the CB receptor antagonist/inverse agonist SR141716 (4 mg/kg, i.p.) on the body
temperature response to vehicle or THC injected i.p. was assessed in Weeks 51-53. For this
study the WI rats received a 30 mg/kg THC dose and the SD rats received a 20 mg/kg dose.
The reason for this difference was that a similar study conducted with the CB; receptor
antagonist AM251 (4 mg/kg, i.m.) in Weeks 41-42 found no hypothermia after 20 mg/kg
THC i.p. in the W1 rats (and no effect of AM251 on the response to 20 mg/kg THC, i.p. in
the SD group).

Experiment 8 (THC vapor inhalation for 40 minutes)—The effect of inhalation of
THC (100 mg/mL) for 40 minutes on body temperature was assessed at 55-56 weeks of age.
The goal was to determine if the apparent insensitivity of the WI group (compared with the
SD group and their own response to 20 mg/kg in Experiment 3) during the injection studies
would also be reflected in THC inhalation at this age. Finally, blood samples were obtained
from the ten rats of each strain at 45 and 120 minutes after the start of a 40 minute inhalation
session. Concentrations of 50 and 100 mg/mL were assessed in subgroups of N=5 per strain
for this experiment.

Data Analysis

The telemeterized body temperature and activity rate (counts per minute) were collected

on a 5-minute schedule in telemetry studies, but are expressed as 30 minute averages for
analysis (baseline values are from 15 minute intervals). The time courses for data collection
are expressed relative to the THC injection time or the initiation of vapor inhalation,

and times in the figures refer to the end of the interval (e.g. “60 minutes” reflects the

data collected from 35 to 60 minutes, inclusive). Any missing temperature values were
interpolated from the values before and after the lost time point. Activity rate values were
not interpolated because 5-minute to 5-minute values can change dramatically, thus there

is no justification for interpolating. Data (telemeterized temperature and activity measures,
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tail withdrawal latency, plasma THC) were analyzed with Analysis of Variance (ANOVA)
including repeated measures for the Drug treatment condition and the Time after vapor
initiation or injection. Any significant main effects were followed with post-hoc analysis
using Tukey (multi-level factors) or Sidak (two-level factors) correction. All analysis used
Prism for Windows (v. 7.03, 8.3; GraphPad Software, Inc, San Diego CA).

The two strains differed significantly in bodyweight, with the Wistar (WI) group
consistently heavier than the Sprague-Dawley (SD) group across the entire study (Figure
1). The statistical analysis confirmed significant effects of Age [F (42, 588) = 241.6;
P<0.0001], Strain [F (1, 14) = 28.14; P<0.0005] and the interaction of Strain with Age [F
(42, 588) = 18.35; P<0.0001] on bodyweight. The post-hoc test confirmed that the strains
were significantly different from 17-56 weeks of age.

Experiment 1 (Thermoregulatory and locomotor responses to Inhaled THC)

The inhalation of THC (25 or 100 mg/mL) for 30 minutes reduced body temperature of

each strain of rat (Figure 2). The statistical analysis using a combined between-groups
factor for Strain and Drug treatment confirmed significant effects of Time [F (7, 294)
=50.13; P<0.0001], Strain/Drug treatment condition [F (5, 42) = 17.82; P<0.0001] and

the interaction of factors [F (35, 294) = 10.67; P<0.0001] on the temperature. The Tukey
post-hoc test confirmed that temperature of the strains differed from each other 60, 120 and
150 minutes after the start of THC inhalation (other post-hoc findings are depicted on Figure
2).

A follow up three-way ANOVA confirmed significant effects of factors for Strain [F (1, 224)
= 11.64; P<0.001], Time after the start of Initiation [F (7, 224) = 30.87; P<0.0001] and

the Drug treatment condition [F (1, 224) = 294; P<0.0001], as well as all interactions of
factors on the body temperature. There was a significant effect of Time [F (7, 294) = 80.54;
P<0.0001], but not of Drug treatment condition or any interaction, on activity.

Experiment 2 (Plasma THC 1, 2)

The inhalation of THC (100 mg/mL in the PG) for 30 minutes resulted in identical plasma
THC between the two groups of rats (Figure 3) when assessed at 13 or 25 weeks of age, but
a significantly higher plasma THC concentration was observed at the later time. A two-way
ANOVA confirmed a significant effect of Week of sampling [F (1, 14) = 23.92; P<0.0005]
but not of Strain or the interaction of factors. Examination of the individual values confirms
the substantial overlap of the plasma THC levels reached in the two strains at either 13 or 25
weeks.

Experiment 3 (Thermoregulatory and locomotor response to THC, i.p.)

The groups were first injected with THC (0.0, 5, 10 mg/kg, i.p.) in a counter-balanced order
and monitored for body temperature and activity levels. There was significant hypothermia
in SD but not WI rats (Figure 4 A, B), and the statistical analysis confirmed significant
effects of Time [F (10, 420) = 33.56; P<0.0001], Drug treatment / Group [F (5, 42) = 7.152;
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P<0.0001] and the interaction of factors [F (50, 420) = 3.89; P<0.0001] on temperature after
i.p. injection. Wistar and SD rat temperature differed significantly from each other after 10
mg/kg THC (150-300 minutes post-injection). The followup ANOVA within the SD group
confirmed significant effects of Time [F (10, 70) = 22.84; P<0.0001], Drug treatment [F (2,
14) = 15.31; P<0.0005] and the interaction of factors [F (20, 140) = 6.87; P<0.0001] on
temperature. The post hoc test confirmed that temperature was lower than the baseline in
the SD rats after 5 mg/kg (120-300 minutes post-injection) or 10 mg/kg (60-300 minutes
post- injection). Temperature was also significantly lower compared with the corresponding
timepoint after vehicle in the SD rats after 5 mg/kg (120-300 minutes post-injection) or

10 mg/kg (60-300 minutes post-injection) and temperature differed significantly after the

5 mg/kg versus 10 mg/kg doses (60—270 minutes post-injection). The followup repeated
measures ANOVA in the WI group confirmed a significant effect of Time [F (10, 70)
=19.31; P<0.0001], but not of Drug treatment or the interaction of factors on body
temperature. The post hoc test confirmed that temperature was lower than the baseline in the
W] rats after 10 mg/kg (60-210 minutes post-injection).

Analysis of the activity rates confirmed a significant effect of Time after injection [F (10,
420) = 73.87; P<0.0001] but not of Drug treatment / Group or any interaction of the factors
(Figure 4 D, E).

Since there was no effect of 10 mg/kg, THC, i.p., on temperature in the WI group, a
followup study was conducted to evaluate the effect of 20 mg/kg THC, i.p. For this,

rats within each group were injected with THC (0.0, 20 mg/kg, i.p.) in counter-balanced
treatment order and significant THC-related hypothermia was produced in each strain
(Figure 4 C). The three-way ANOVA confirmed main effects of Drug treatment [F (1, 308)
=5098.2; P<0.0001], of Strain [F (1, 308) = 105.7; P<0.0001], of Time Post-Injection [F
(10, 308) = 16.71; P<0.0001] and of the interactions of Time with Drug treatment [F (10,
308) = 15.41; P<0.0001] and of Strain with Drug treatment [F (1, 308) = 59.35; P<0.0001],
on the body temperature. The post-hoc test failed to confirm any differences in body
temperature between strains, nor any differences relative to baseline within either strain,
following vehicle injection. Body temperature was significantly lower than the baseline after
20 mg/kg THC, i.p., in both W1 (90-300 minutes post-injection) and SD (60-300 minutes
post-injection) groups and significantly lower compared with respective timepoints after
vehicle injection for both W1 (120-270 minutes post-injection) and SD (60 — 300 minutes
post-injection) groups. Finally, the body temperature was lower in the SD rats compared
with the WI rats from 180 to 300 minutes post-injection.

The three-way ANOVA confirmed main effects of Drug treatment [F (1, 308) = 5.85;
P<0.05], of Strain [F (1, 308) = 5.34; P<0.05] and of Time Post-Injection [F (10, 308)
=10.83; P<0.0001] on activity rate (Figure 4 D). The post-hoc test failed to confirm any
differences inactivity between strains within dosing condition, or differences attributable to
THC within strain, at a given timepoint after injection.

Experiment 4 (SR141716 prior to vapor inhalation)

The SR (4 mg/kg, i.p.) failed to significantly alter the body temperature responses to
inhaled THC in the second vapor study (Figure 5 A, C). In the WI group, the ANOVA
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confirmed significant effects of Time after vapor initiation [F (8, 192) = 17.93; P<0.0001]
and the interaction of Time with Drug treatment [F (24, 192) = 2.43; P<0.0005] on body
temperature. The post-hoc test confirmed that body temperature was significantly reduced
by THC inhalation relative to the respective pre-treatment/PG inhalation conditions and
failed to confirm any difference between vehicle and SR pre-treatment conditions for either
THC or PG inhalation conditions. The analysis for the SD rats confirmed significant effects
of Time [F (8, 192) = 24.17; P<0.0001], Drug treatment [F (3, 24) = 5.78; P<0.005]

and the interaction of Time with Drug treatment [F (24, 192) = 4.61; P<0.0001] on body
temperature. Again, the post-hoc test confirmed that body temperature was significantly
reduced by THC inhalation relative to the respective pre-treatment/PG inhalation conditions
and failed to confirm any difference between vehicle and SR pre-treatment conditions for
either THC or PG inhalation conditions.

Activity was significantly affected by time after the start of inhalation but not by the dosing
condition in WI [Time: F (8, 192) = 66.53; P<0.0001] and SD [Time: F (8, 224) = 20.17;
P<0.0001] rat groups (Figure 5 B, D).

The vehicle pre-injection conditions were analyzed together to compare the strain response
to THC as a replication of the first study. In this case the three-way ANOVA confirmed main
effects of Inhalation Condition [F (1, 216) = 70.11; P<0.0001], of Strain [F (1, 216) = 31.03;
P<0.0001], of Time after initiation of inhalation [F (8, 216) = 12.58; P<0.0001] and of the
interactions of Time with Drug treatment [F (8, 216) = 4.224; P<0.0005] and of Strain with
Drug treatment [F (1, 216) = 8.62; P<0.005], on the body temperature. The post-hoc test did
not confirm any signficant differences between strains at any specific time after PG or THC
inhalation, however.

Experiment 5 (Anti-nociception)

Anti-nociceptive effects of inhaled THC were produced in each strain of rats as illustrated

in Figure 6. The ANOVA confirmed a significant effect of Drug inhalation condition [F (2,
28) = 14.45; P<0.0001], but not of Strain or of the interaction of factors, on tail withdrawal
latency. The post-hoc test found that latency, collapsed across strain, was longer following
THC (200 mg/mL) inhalation compared with either PG or THC (100 mg/mL) inhalation.

Experiment 6 (Plasma THC 3,4)

The inhalation of THC (50, 200 mg/mL in the PG) for 30 minutes resulted in identical
plasma THC between the two groups of rats (n.s. effect of Strain and the interaction

of Strain with Dose condition) when assessed at 33-34 weeks of age (Figure 7A), but

a significantly higher plasma THC concentration was observed with the 200 mg/mL vs

50 mg/mL concentration (F (1, 18) = 38.63; P<0.0001). Analysis of the plasma THC
concentrations observed in the i.p. injection study failed to confirm any significant effects of
strain, dose or the interaction of factors (Figure 7B).

Experiment 7 (SR141716 prior to THC i.p.)

The 4 mg/kg SR dose significantly altered the body temperature responses to injected THC
in each strain (Figure 8). In the WI group the 30 mg/kg, i.p. THC dose significantly reduced
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body temperature but this was prevented by SR injected 15 minutes prior to the THC [Drug
condition: F (3, 21) = 5.23; P<0.01; Time post-injection: F (10, 70) = 4.94; P<0.0001;
Interaction: F (30, 210) = 7.17; P<0.0001]. Similarly, in the SD group the 20 mg/kg, i.p.
THC dose significantly reduced body temperature but this was attenuated by SR injected 15
minutes prior to the THC [Drug condition: F (3, 21) = 56.72; P<0.0001; Time post-injection:
F (10, 70) = 65.74; P<0.0001; Interaction: F (30, 210) = 29.92; P<0.0001].

Activity was significantly altered by Time Post-Injection [F (10, 280) = 30.84; P<0.0001]
and the interaction of Time with Drug condition [F (30, 280) = 1.60; P<0.05] in the WI
group but only by Time Post-Injection [F (10, 280) = 48.73; P<0.0001] in the SD rats. The
post-hoc tests confirmed that activity rate was higher in the SR-Vehicle condition compared
with all other drug conditions after the pre-injection in WI rats (and compared with the
SR-Vehicle pre-injection timepoint in SD rats) but no other treatment-related differences
between or within either group.

Experiment 8 (THC vapor inhalation for 40 minutes)

The inhalation of THC (100 mg/mL) for 40 minutes significantly reduced the body
temperature of each rat strain at 55-56 weeks of age (Figure 9). Data collection for two

rats of each strain was inadvertently terminated after the 150 minutes post-initiation. Initial
analysis through this timepoint with the full sample revealed no differences in interpretation
thus these individuals were omitted to preserve the repeated-measures analysis of the entire
time-course. The three-way ANOVA confirmed main effects of Inhalation Condition [F (1,
160) = 128.2; P<0.0001],0f Strain [F (1, 160) = 115.7; P<0.0001], of Time after initiation
of inhalation [F (7, 160) = 8.52; P<0.0001] and of the interactions of Time with Inhalation
Condition [F (7, 160) = 6.73; P<0.0001] and of Strain with Drug treatment [F (1, 160)

= 52.55; P<0.0001], on the body temperature. The activity rate was unchanged by THC
inhalation although it was increased in the WI group by the onset of the vapor whether

PG or THC. The three-way ANOVA confirmed main effects of Time [F (7, 160) = 19.18;
P<0.0001], of Strain [F (1, 160) = 32.18; P<0.0001] and of the interactions of Time with
Strain [F (7, 160) = 2.36; P<0.05]. The post hoc test further confirmed that activity rate was
increased over the baseline rate for the W1 animals 60 minutes after the start of inhalation
and also increased relative to the SD rats at the same time after inhalation of either THC or
PG, respectively.

Plasma THC did not differ between strains for either the 50 mg/mL or 100 mg/mL
concentrations at either time after the start of inhalation (Figure 9C). The three-way ANOVA
confirmed significant effects of Dose [F (1, 16) = 9.60; P<0.01] and of Time after Vapor
initiation [F (1, 16) = 30.35; P<0.0001] but not of Strain or any interactions, on plasma
THC. Collapsed across strain, the post-hoc test confirmed that significantly lower THC was
observed in the 50 mg/mL condition compared with the 100 mg/mL condition 45 minutes
after the start of inhalation and lower at the 120 minute time point compared with the 45
minute time point for each dose.
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Discussion

This study shows that the inhalation of THC vapor using an e-cigarette approach

induces hypothermia in both Wistar (WI) and Sprague-Dawley (SD) male rats, with

the latter strain exhibiting a significantly greater reduction in temperature after identical
inhalation conditions. This work was motivated by an indirect observation of a hypothermic
insensitivity of Sl rats relative to Sprague-Dawley rats in our prior vapor inhalation studies
(Javadi-Paydar et al., 2018; Nguyen et al., 2016) as well as a similar outcome of preliminary
pilot studies for an investigation of the impact of CBD co-administration with THC (Taffe
et al., 2015). The difference in the present study was observed in age-matched, identically
treated groups and the difference was present in the initial THC inhalation exposure, in

the intraperitoneal injection studies and in the final vapor inhalation investigation across an
~one year interval. The data therefore confirm a quantitative, but not qualitative, strain
difference in the thermoregulatory response to inhaled (and injected) THC without a
difference in the anti-nociceptive effect. Since the Sprague-Dawley rats were significantly
smaller in size, it was critical to determine if THC dose differed between strains under

the inhalation conditions. The plasma data show that identical plasma concentrations of
THC were produced in each group after inhalation of THC vapor at the 50-200 mg/mL
concentrations across different phases of the study and therefore did not depend on strain
bodyweight. Thus, the strain difference in body temperature response cannot be attributed to
the delivery of a different THC dose and the strain differences must therefore be attributable
to other factors.

The consistency of THC plasma levels following vapor inhalation across rats that differed
in body size, due to strain, echoes the result of a prior study which showed approximately
equivalent plasma concentrations of THC after inhalation in male and female WI rats that
differed significantly in body weight by sex (Javadi-Paydar et al., 2018). In that prior

study, however, male and female WI rats exhibited a similar magnitude of hypothermia and
anti-nociception produced by the THC, indicating minimal sex-differences. Together this
indicates that the differential effects of THC across strain in this study cannot be uniquely
associated with rat body size. The difference in plasma THC across the first two observation
timepoints in this study was unexpected, particularly given the similarity of the temperature
response to the THC 100 mg/mL condition across the first and second vapor inhalation
experiments (Figure 2, 5). However, this is the first time we have explicitly compared
plasma levels of THC across significant intervals of time in the same rats following
inhalation. Additional experimentation would be required to determine if this is due to
different respiration / weight, different drug distribution, different metabolism or possibly
differential behavior in the vapor exposure chamber. With respect to this latter, animals
could vary where they put their nose, relative to the vapor delivery location and thereby
change the exposure; inspection of the individual distributions in Figure 3 supports this
possibility. Also of interest is that plasma THC concentrations reached following inhalation
of THC at the 200 mg/mL concentration were not substantially higher compared with
plasma concentrations after the 100 mg/mL dose which may reflect a ceiling on the rate

of intrapulmonary uptake as drug concentration is increased. For the present purposes,
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however, it is most critical that there was no significant difference across the strains at any
time of plasma collection.

There was no strain difference in the anti-nociception assay, which shows that the

influence of strain on hypothermia is dissociable from the effects on anti-nociception.

This dissociation combines with the similar plasma concentrations across strain to further
support the interpretation that the strain-related hypothermia difference was not due to
different THC dose. It suggests instead that WI rats are more resistant to body temperature
dysregulation than are Sprague-Dawley rats, either in response to THC or more generally.
Consistent with this interpretation, one prior report shows a differential hypothermia in
response to challenge with the serotonin receptor 1a agonist 8-OH-DPAT in different
breeding colony sources of Sprague-Dawley rats and in W1 rats (Kelder & Ross, 2001).

In contrast, our prior report showed that, if anything, a slightly larger temperature change
relative to vehicle/baseline in response to mg/kg equivalent injection of 8-OH-DPAT in

our study (Wright et al., 2012). Thus it appears most likely the strain difference in this
study is specific to THC-induced hypothermia. The present data also appeared to suggest

a more pronounced strain difference in thermoregulatory sensitivity after i.p. injection
compared with the difference after inhalation of THC. This may possibly reflect differences
in THC distribution throughout the larger body mass of the WI rats, in part or in whole

due to differences in body fat percentage; indeed the strain differences in THC-induced
hypothermia appeared to grow more pronounced as the animals aged and the body size
difference increased. This conclusion seems unlikely, however, given that the strains did not
differ in plasma concentrations of THC when exposed to identical inhalation conditions or
when administered an equivalent mg/kg dose by i.p. injection. One alternate hypothesis is
that WI rats became more tolerant from a pharmacodynamic standpoint, compared with the
Sprague-Dawley rats, in the course of the repeated (albeit intermittent) exposure. Recent
work with the inhalation model shows that adult W1 male rats do not become tolerant

to THC after 4 sequential days of twice-daily vapor inhalation (Nguyen et al., 2018),

thus it seems unlikely that there would be significant pharmacodynamic tolerance with

the present dosing history. Together the evidence suggests the apparent strain difference in
thermoregulatory response to THC that interacted with route of administration is not directly
related to THC exposure but may be related to non-cannabinoid mechanisms involved in
temperature regulation.

There was no evidence of any strain differences in locomotor suppression caused by THC in
this study but conclusions must be tempered by the general failure to observe THC-related
effects on activity. This is somewhat expected since activity rate assessed by radiotelemetry
was only inconsistently changed by THC inhalation in our prior studies using these methods
(Javadi-Paydar et al., 2018; Nguyen et al., 2016) and it required a 30 mg/Kkg, i.p. injection
dose in male Sprague-Dawley rats to suppress locomotion consistently in another study
(Taffe et al. 2015).

One curious finding in this study was that a dose of the CB4 antagonist/inverse agonist
SR141716 which was sufficient to block (WI1) or attenuate (SD) the body temperature
response to THC administered intraperitoneally (also see Taffe et al. 2015) did not
significantly alter the response to vapor inhalation of THC. SR141716 did not appear to
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alter the initial nadir in body temperature observed 60 min after the start of inhalation but
may perhaps have slightly facilitated the return to normative temperature after about 90

(WI) or 120 (SD) minutes after the initiation of vapor inhalation. Interestingly the body
temperature of rats only started to diverge from that observed with vehicle pre-injection 60
(SD) or 150 (WI) minutes after THC i.p. injection. This finding warrants additional followup
study.

Conclusions:

Overall this study further confirms the efficacy of a new electronic-cigarette based method
of delivering THC to rats and shows the effects are qualitativedly similar in age-matched
groups of two widely used strains of laboratory rat. Importantly, W1 rats appear less prone to
hypothermia compared with Sprague-Dawley males when administered an equivalent THC
dose. The potential for these quantitative differences should be taken into account when
attempting to replicate previously published methods in different rat strains.

Acknowledgements:

The authors are grateful to Shawn Aarde, Ph.D. for contributions to the invention and validation of this method of
drug delivery for rats and to Mehrak Javadi-Paydar, Ph.D. and Jacques Nguyen, Ph.D. for ongoing discussion and
input on the use of the model.

Financial Support:

This work was supported by USPHS grants RO1 DA035482 (Taffe, Pl), R44 DA041967 (Cole, Pl) and R01
DA042595 (Cheer, PI). The National Institutes of Health / NIDA had no direct influence on the design, conduct,
analysis or decision to publication of the findings. LJARI likewise did not influence the study designs, the data
analysis or the decision to publish findings.

Abbreviations:
PG propylene glycol

THC A®tetrahydrocannabinol

References:

Aarde SM, Huang PK, Creehan KM, Dickerson TJ, & Taffe MA (2013). The novel
recreational drug 3,4-methylenedioxypyrovalerone (MDPV) is a potent psychomotor stimulant:
self-administration and locomotor activity in rats. Neuropharmacology, 71, 130-140. doi:10.1016/
j.neuropharm.2013.04.003 [PubMed: 23597511]

Cadoni C, Simola N, Espa E, Fenu S, & Di Chiara G (2015). Strain dependence of adolescent
Cannabis influence on heroin reward and mesolimbic dopamine transmission in adult Lewis and
Fischer 344 rats. Addict Biol, 20(1), 132-142. doi:10.1111/adb.12085 [PubMed: 23957273]

Coiera E, Ammenwerth E, Georgiou A, & Magrabi F (2018). Does health informatics have a
replication crisis? J Am Med Inform Assoc, 25(8), 963-968. doi:10.1093/jamia/ocy028 [PubMed:
29669066]

Davis-Kean PE, & Ellis A (2019). An overview of issues in infant and developmental research
for the creation of robust and replicable science. Infant Behav Dev, 57, 101339. doi:10.1016/
J.infbeh.2019.101339 [PubMed: 31351250]

Freels TG, Baxter-Potter LN, Lugo JM, Glodosky NC, Wright HR, Baglot SL, ... McLaughlin
RJ (2020). Vaporized cannabis extracts have reinforcing properties and support conditioned drug-
seeking behavior in rats. J Neurosci. doi:10.1523/JNEUROSCI.2416-19.2020

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taffe et al.

Page 14

Gerlai R (2019). Reproducibility and replicability in zebrafish behavioral neuroscience research.
Pharmacol Biochem Behav, 178, 30-38. doi:10.1016/j.pbb.2018.02.005 [PubMed: 29481830]

Irimia C, Polis 1Y, Stouffer D, & Parsons LH (2015). Persistent effects of chronic Delta9-

THC exposure on motor impulsivity in rats. Psychopharmacology (Berl), 232(16), 3033-3043.
doi:10.1007/s00213-015-3942-x [PubMed: 25925779]

Javadi-Paydar M, Creehan KM, Kerr TM, & Taffe MA (2019). Vapor inhalation of cannabidiol
(CBD) in rats. Pharmacol Biochem Behav, 184, 172741. doi:10.1016/j.pbb.2019.172741 [PubMed:
31336109]

Javadi-Paydar M, Kerr TM, Harvey EL, Cole M, & Taffe MA (2019). Effects of nicotine and THC
vapor inhalation administered by an electronic nicotine delivery system (ENDS) in male rats. Drug
Alcohol Depend, 198, 54-62. doi:10.1016/j.drugalcdep.2019.01.027 [PubMed: 30878767]

Javadi-Paydar M, Nguyen JD, Kerr TM, Grant Y, Vandewater SA, Cole M, & Taffe MA

(2018). Effects of Delta9-THC and cannabidiol vapor inhalation in male and female rats.
Psychopharmacology (Berl), 235(9), 2541-2557. doi:10.1007/s00213-018-4946-0 [PubMed:
29907926]

Kafkafi N, Agassi J, Chesler EJ, Crabbe JC, Crusio WE, Eilam D, ... Benjamini Y (2018).

Reproducibility and replicability of rodent phenotyping in preclinical studies. Neurosci Biobehav
Rev, 87, 218-232. doi:10.1016/j.neubiorev.2018.01.003 [PubMed: 29357292]

Keeley RJ, Trow J, Bye C, & McDonald RJ (2015). Part 11: Strain- and sex-specific effects of
adolescent exposure to THC on adult brain and behaviour: Variants of learning, anxiety and
volumetric estimates. Behav Brain Res, 288, 132-152. doi:10.1016/j.bbr.2015.01.001 [PubMed:
25591471]

Kelder D, & Ross SB (2001). Differential sensitivity to 8-hydroxy-2-(di-n-propylamino)tetralin-
induced corticosterone secretion and hypothermia between Sprague-Dawley rats from
different breeding colonies. Pharmacol Toxicol, 89(6), 295-300. Retrieved from https://
www.ncbi.nlm.nih.gov/pubmed/11903954 [PubMed: 11903954]

Lacroix C, & Saussereau E (2012). Fast liquid chromatography/tandem mass spectrometry
determination of cannabinoids in micro volume blood samples after dabsyl derivatization. J
Chromatogr B Analyt Technol Biomed Life Sci, 905, 85-95. doi:10.1016/j.jchromb.2012.08.006

Lefever TW, Marusich JA, Thomas BF, Barrus DG, Peiper NC, Kevin RC, & Wiley JL (2017). Vaping
Synthetic Cannabinoids: A Novel Preclinical Model of E-Cigarette Use in Mice. Subst Abuse, 11,
1178221817701739. doi:10.1177/1178221817701739

Mammen G, Rehm J, & Rueda S (2016). Vaporizing cannabis through e-cigarettes: Prevalence and
socio-demographic correlates among Ontario high school students. Can J Public Health, 107(3),
e337-e338. doi:10.17269/cjph.107.5747 [PubMed: 27763854]

Miller ML, Creehan KM, Angrish D, Barlow DJ, Houseknecht KL, Dickerson TJ, & Taffe MA (2013).
Changes in ambient temperature differentially alter the thermoregulatory, cardiac and locomotor
stimulant effects of 4-methylmethcathinone (mephedrone). Drug Alcohol Depend, 127(1-3), 248—
253. doi:10.1016/j.drugalcdep.2012.07.003 [PubMed: 22832282]

Morean ME, Kong G, Camenga DR, Cavallo DA, & Krishnan-Sarin S (2015). High School Students’
Use of Electronic Cigarettes to Vaporize Cannabis. Pediatrics, 136(4), 611-616. doi:10.1542/
peds.2015-1727 [PubMed: 26347431]

Morean ME, Lipshie N, Josephson M, & Foster D (2017). Predictors of Adult E-Cigarette Users
Vaporizing Cannabis Using E-Cigarettes and Vape-Pens. Subst Use Misuse, 52(8), 974-981.
doi:10.1080/10826084.2016.1268162 [PubMed: 28323498]

Nguyen JD, Aarde SM, Vandewater SA, Grant Y, Stouffer DG, Parsons LH, ... Taffe MA (2016).
Inhaled delivery of Delta(9)-tetrahydrocannabinol (THC) to rats by e-cigarette vapor technology.
Neuropharmacology, 109, 112-120. doi:10.1016/j.neuropharm.2016.05.021 [PubMed: 27256501]

Nguyen JD, Creehan KM, Kerr TM, & Taffe MA (2020). Lasting effects of repeated 9-
tetrahydrocannabinol (THC) vapor inhalation during adolescence in male and female rats. Br J
Pharmacol. 177(1):188-203. doi:10.1111/bph.14856 [PubMed: 31478558]

Nguyen JD, Grant Y, Kerr TM, Gutierrez A, Cole M, & Taffe MA (2018). Tolerance to hypothermic
and antinoceptive effects of 9-tetrahydrocannabinol (THC) vapor inhalation in rats. Pharmacol
Biochem Behav, 172, 33-38. doi:10.1016/j.pbb.2018.07.007 [PubMed: 30031028]

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.


https://www.ncbi.nlm.nih.gov/pubmed/11903954
https://www.ncbi.nlm.nih.gov/pubmed/11903954

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Taffe et al.

Page 15

Taffe MA, Creehan KM, & Vandewater SA (2015). Cannabidiol fails to reverse hypothermia or
locomotor suppression induced by Delta(9) -tetrahydrocannabinol in Sprague-Dawley rats. Br J
Pharmacol, 172(7), 1783-1791. doi:10.1111/bph.13024 [PubMed: 25425111]

Wakeford AG, & Riley AL (2014). Conditioned taste avoidance induced by Delta(9)-
tetrahydrocannabinol in the Fischer (F344) and Lewis (LEW) rat strains. Pharmacol Biochem
Behav, 116, 39-44. doi:10.1016/j.pbb.2013.11.005 [PubMed: 24239786]

Waters AM, LeBeau RT, Young KS, Dowell TL, & Ryan KM (2019). Towards the enhancement
of quality publication practices in clinical psychological science. Behav Res Ther, 124, 103499.
d0i:10.1016/j.brat.2019.103499 [PubMed: 31751896]

Wiley JL, Marusich JA, & Huffman JW (2014). Moving around the molecule: relationship between
chemical structure and in vivo activity of synthetic cannabinoids. Life Sci, 97(1), 55-63.
d0i:10.1016/j.1f5.2013.09.011 [PubMed: 24071522]

Wright MJ Jr., Angrish D, Aarde SM, Barlow DJ, Buczynski MW, Creehan KM, ... Taffe MA
(2012). Effect of ambient temperature on the thermoregulatory and locomotor stimulant effects of
4-methylmethcathinone in Wistar and Sprague-Dawley rats. PLoS One, 7(8), e44652. doi:10.1371/
journal.pone.0044652 [PubMed: 22952999]

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Taffe et al.

Page 16

Public Health Significance

Humans are increasingly using e-cigarette type devices to ingest an active dose of A%-
tetrahydrocannabinol (THC). Recent work has developed a rat model of e-cigaretted
based inhalation delivery of THC which is further validated in this study by identifying
similarities and differences in the response to inhalted THC in two common laboratory
rat strains. This will facilitate future investigations designed to identify health risks which
may be unique to the e-cigarette method of THC ingestion.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taffe et al.

800 -
@ 700 -

600 -

-k Wistar
-o- Sprague-Dawley

\

3

Page 17

L
£

5

> 5 _
O g = 2 .
O « B o A - 5 So o
m 300 a 3 .2 £ & F £ s 8 dat &
v 2 5 2388 S 5 S 37 o% 0§ sE GE
gxS £ S § € = e 3 s 2 T T
200 >o> = >wn c o ~ o o = < o =W =<
10 15 20 25 30 35 40 45 50 55

Figure 1:

Weeks of Age

Mean (N=8 / group; SEM) body weight of the Wistar and Sprague-Dawley rats from 11 to
57 weeks of age. The approximate experimental timeline is also outlined, refer to Methods
for full specification. PK indicates timing of blood draws for plasma assessment.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taffe et al. Page 18
A. B.
__39. 39 -
(&) g o
) O
N 4 = . ‘.‘
< 38 38
S
=
® 37 37 1
1S
2
g 36 1 —A-SDPG —-SDTHC25 . #x —A-SDPG —E-SD THC 100
- —-WIPG -@-WITHC 25 —-WIPG -@-WITHC 100
35 r v v r r r v v » 35 v v v v v v v v v
Base 30 60 90 120 150 180 210 240 Base 30 60 90 120 150 180 210 240
Minutes After Vapor Initiation Minutes After Vapor Initiation
C. D.
30 1 —A-SDPG —-SD THC 25 30 7 _4-sppc -m-spTHC 100

@ 25 ] +-wirc -@-wiTHC 25 25 | —-WIPG —@-WITHC 100
©
¥ 20 1 20 -
2 15 15 |
=
+ 10 - 10 1
(&)
< 4 g

5 - 5 1

0

0 .
Base 30 60 90 120 150 180 210 240 Base 30 60 90 120 150 180 210 240
Minutes After Vapor Initiation Minutes After Vapor Initiation

Figure2:

Mgan (N=8/ group; SEM) body temperature (A, B) and activity rates (C, D) following
vapor inhalation of the PG vehicle or A,C) THC (25 mg/mL in the PG) or B, D) THC
(100 mg/mL), for 30 minutes. The PG data are duplicated on the dose graphs for clarity.
Base=baseline. Open symbols indicate a significant difference from both vehicle at a given
time-point and the within-treatment baseline, while shaded symbols indicate a significant
difference from the baseline only. A significant difference from the THC 25 mg/mL at a
given time is indicated by # and between strains at a given time for the same dose by *.
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Figure 3:

Plasma THC concentrations for Wistar and Sprague-Dawley rats (N=8 / group) following
vapor inhalation of the THC (100 mg/mL) for 30 minutes at A) 13 and B) 25 weeks of age.
Box plots depict median and interquartile range and the bars indicate the range. Individual
subject values are also plotted.
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mg/kg). Base=baseline. Open symbols indicate a significant difference from both vehicle

at a given time-point and the within-treatment baseline, while shaded symbols indicate a
significant difference from the baseline only. A significant difference from the 5.0 dose at a

given time is indicated by # and between strains at a given time for the same dose by *.
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Figure5:

Base 30 60 90 120 150 180 210 240
Minutes After Vapor Initiation

Mean (N=7 / group; SEM) body temperature following vapor inhalation of the PG vehicle or
THC (100 mg/mL in the PG) for 30 minutes. Treatment conditions included an injection of
vehicle or SR141716 (SR; 4 mg/kg, i.p.) 15 minutes prior to vapor initiation. Open symbols

indicate a significant difference from both PG (within respective pre-treatment) at a given
time-point and the within-treatment baseline, while shaded symbols indicate a significant
difference from the baseline only. A difference from the PG condition (within respective
pre-treatment, but not the baseline, is indicated by *. Base: Baseline 30 minutes prior to
vapor initiation. SR: SR141716; Veh: \ehicle.
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Figure®6:

Mean (N= 8 / group; SEM) tail withdrawal latency following vapor inhalation of the PG
vehicle or THC (100, 200 mg/mL in the PG) for 30 minutes. A significant difference
between vapor conditions, collapsed across strain, is indicated by *.
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Plasma THC concentrations for Wistar (WI) and Sprague-Dawley (SD) rats (N=10 / group)

following A) vapor inhalation of the THC (50, 200 mg/mL) for 30 minutes or B) THC

injection (10, 20 mg/kg, i.p.). Box plots depict median and interquartile range and the bars
indicate the range. Individual subject values are also plotted.
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Mean (N= 6 / group; SEM) body temperature following injection of THC in A) Wistar

(0, 30 mg/kg, i.p.) or B) Sprague-Dawley (0, 20 mg/Kkg, i.p.) rats. Treatment conditions
included an injection of vehicle or SR141716 (SR; 4 mg/kg, i.p.) 15 minutes prior to the
THC injection. Open symbols indicate a significant difference from both vehicle (within
respective pre-treatment) at a given time-point and the within-treatment baseline, while
shaded symbols indicate a significant difference from the baseline only. A significant
difference from all other treatment conditions is indicated with &. A significant difference
from the vehicle condition (within respective pre-treatment), only, is indicated by *. Base:
Baseline 30 minutes prior to vapor initiation. SR: SR141716; Veh: Vehicle.
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Minutes after vapor initiation

Mean (N= 6 / group; +SEM) A) body temperature, and B) activity rate, after vapor
inhalation of THC (100 mg/mL) for 40 minutes. C) mean (N=5 per strain / dose
combination; £SEM) plasma THC concentrations after vapor inhalation of THC (50, 100
mg/mL) for 40 minutes. Open symbols indicate a significant difference from both PG
(within respective pre-treatment) at a given time-point and the within-treatment baseline,
while shaded symbols indicate a significant difference from the baseline only. A significant
difference from all other treatment conditions at a given time point is indicated with &, a
difference between strains for a given time and inhalation condition with *, a difference
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between inhalation concentrations collapsed across strain with $ and a difference across
time, collapsed across strain, with #.
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