
Oral THC produces minimal behavioral alterations in
preadolescent rats

Diana Dow-Edwards and Ning Zhao
State University of New York, Downstate Medical Center, Brooklyn, NY

Abstract
Although the oral route has traditionally been used for THC administration during the perinatal period
in the rat, most studies administering THC during the postnatal period utilize intraperitoneal (ip)
administration. In an effort to utilize the same route of administration in both prenatal and postnatal
studies, we administered Δ-9-tetrahydrocannabinol (THC) in sesame oil by gavage during postnatal
days 22-40 (equivalent to childhood to early adolescence) to male and female rats. We quantified
behavior 40 minutes after administration in the Accuscan activity monitor on days 22, 29 and 40. In
addition, we examined active and passive avoidance behaviors in treated adults. Acutely, THC had
subtle effects on activity when measured during the period of drug administration and minimal effects
on avoidance behaviors examined up to 140 days of age.

Since several groups have found that lower doses of THC administered intraperitoneally to
periadolescent rats do produce behavioral alterations, we suspect that the inordinately slow
absorption of the drug via the oral route may be responsible for the paucity of significant findings in
our study. Therefore, oral administration of THC, particularly under conditions of mild food
deprivation, may lead to sub-psychoactive concentrations of the drug within the brain.

Keywords
neurobehavioral toxicity; pre and peri-adolescence; cannabinoids; marijuana

1. Introduction
Marijuana is the most widely abused illegal substance in the world today. It is widely
recognized that cognitive function is altered in adolescents and adults using marijuana, as well
as children whose mothers consumed marijuana during pregnancy [6;13;19;20;22]. However,
not all the domains of cognitive function are equally impaired by marijuana exposure. Tasks
requiring planning, integration, analysis and synthesis in addition to basic visuoperceptual
abilities are negatively impacted by prenatal marijuana exposure [7]. Tasks involving spatial
and nonspatial working memory and alterations in locomotor activity have been shown to be
affected by THC administration in adolescent and adult rats and mice [2;15;22]. Two studies
have reported that adolescents are more sensitive to the effects of THC including locomotion
than adults [2;22]. However, adults have been reported to be more sensitive to the anxiogenic,
aversive and locomotor effects of THC than adolescents [17]. Stiglick and coworkers [19;20]
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reported that long term (3 months) intubations of THC at 20mg/kg or cannabis extract
facilitated active avoidance behaviors when measured during administration and some of the
effects persisted for months following drug administration (see also [15]). An open question
is whether short term THC exposure during early adolescence would result in alterations in
avoidance behavior in adulthood.

Therefore, the goal of this study was to determine whether periadolescent THC administration
altered activity during the dosing period and had long term effects on avoidance behaviors as
adults. To this end, we dosed preadolescent pups with THC in sesame oil via oral intubation,
the traditional route of administration used in prenatal studies [10] and collected locomotor
activity responses during the dosing period as well as performance on measures of active and
passive avoidance in adulthood.

2. Methods
2.1 Subjects

Cohorts of Sprague-Dawley (VAF, Charles-River; Wilmington, ME) male and female rat pups
arrived in the lab on postnatal day 1 and were housed with a surrogate dam in a reverse light
cycle vivarium (lights off at 11:00) with temperature controlled to 20–22 °C. until postnatal
day 21 at which point they were housed 2/cage in same-sex groupings. Each cohort consisted
of 12 pups which were semi-randomly (controlling for sex) assigned to receive THC at 0, 1 or
5mg/kg in sesame oil (Fisher Scientific) at a volume of 10ml/kg. THC (Δ-9-
tetrahydrocannabinol) was a generous gift of National Institute of Drug Abuse through
Research Triangle Institute, Research Triangle Park, North Carolina. Within each cohort, 2
males and 2 females received either Vehicle, 1 or 5mg/kg THC. These doses were selected
based on studies in pregnant rats [11]. Eight cohorts of 12 rats each were generated and the
subjects in this study were randomly drawn from this pool. On postnatal day 22, daily gastric
intubations were begun in selected subjects 20 min after the lights went out. Dosing was
discontinued on day 40. All procedures were pre-approved by the SUNY Institutional Animal
Care and Use Committee (IACUC).

2.2 Equipment
Activity was measured in the Accuscan activity chambers on days 22, 29 and 40. On the day
of activity recording, rats were placed individually in a Plexiglas box (42 × 42 × 30 cm with
no bedding) equipped with a Versamax activity monitor (VMRXYZ16; Accuscan Instruments,
Columbus, OH) to record locomotor activity. Total distance traveled in cm was measured for
1 h.

Passive avoidance and Active avoidance tests were carried out in a Coulburn Shuttle Box with
two equal compartments divided by white Plexiglas and equipped with shockers and an activity
monitor.

2.3 Procedures
Activity—On postnatal day 22, 29 and 40, subjects were dosed and returned to the home cage.
Forty min. later, they were placed in the activity chamber and activity was recorded for 60 min.
At the end of the hour, subjects were immediately returned to the home cage.

Passive Avoidance—Passive Avoidance was tested when the animals were 132 days old -
90 days following the last dose of THC. On the first day of testing, animals were placed in the
shuttle box and following a 60 sec blackout period, received a single 180 sec habituation trial,
in which the compartment light that the animal was in turned on. During habituation, animals
were able to move freely into the dark side of the chamber without receiving any shock. On
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the second day, rats were placed back in the chamber and received 3 trials of 180 sec test with
an inter-trial blackout time of 60 sec. During each trial, a 0.5 mA foot shock was delivered if
the animal entered into the dark (non-illuminated) compartment of the chamber and the shock
was terminated when the rat crossed back into the illuminated compartment. On the third day,
animals received a single trial (180 sec) during which no shock was delivered upon crossing
into the dark side of the chamber. The latency to cross on the 3rd day was considered retention
of the conditioned stimulus (CS) and was used as the dependent variable. If the animals crossed
quickly into the dark compartment, this indicated a deficiency in retaining the aversive
memory.

Active Avoidance—Active Avoidance was tested when the animals were 140 days old –
100 days after the last dose of THC. Animals were put in the left side of the shuttle box at the
beginning of the trial. The test began automatically when the animal was detected. After a 60
sec habituation period in which both chambers were dark, a sound (90 db) and a light in the
same compartment the animal was in turned on. A 0.5 mA foot shock was delivered if the
animal did not cross into the other compartment within 5 sec after the onset of the sound and
light stimuli. However, the shock expired 5 sec later even if the animal didn’t move. The trial
was repeated 30 sec after either the occurrence of a crossing or the expiration of shock time
for 20 replications. The identical test was run for three consecutive days. The number of
avoidances and / or the percentage of avoidances each day were used for analysis. Higher scores
in either number or percentage avoidances suggest better working memory and faster learning.

2.4 Data Analyses
Mixed linear models as described in Applied Mixed Models in Medicine [1] were used for all
analyses using SAS 9.1.3 software (SAS Institute, Cary, NC). Cohort was introduced as a
random factor for all analyses while sex, treatment, and day (if applicable) were considered
fixed factors. Post hoc pairwise comparisons were conducted as appropriate. Satterthwaite
adjustments to the denominator degrees of freedom were applied. P values equal or below 0.05
were considered significant.

3. Results
3.1 Body weight

Growth curves for male and female rats (figure 1) indicate that there are no significant drug
effects for body weight during the period of drug administration or at the time of assessment
of avoidance behaviors.

3.2 Activity
Activity data were recorded on: control (Veh) (8♀; 7♂), low dose (THC-1) (8♀; 7♂) and high
dose (THC-5) (8♀; 7♂) subjects. Total distance traveled was collapsed into a single score for
each trial, log transformed and analyzed using a Mixed Linear Model in SAS (figure 2A).
Results show that Treatment produced a significant main effect [F(2,114)=3.2; p=0.0446] but
there were no main effects for sex or interactions between sex and treatment. Post hoc pairwise
comparisons indicated that activity in the vehicle control group was not significantly different
from that in the 1mg/kg group and the 5mg/kg group. However, activity in the 1mg/kg group
was significantly greater than that in the 5 mg/kg group [Tukey adjusted p=0.035]. When
activity of all groups was analyzed by age, age produced a significant effect [F(2,114)=34.82;
p<0.001] but there were no significant interactions with age (Figure 2B) Activity increased
with increasing age. Cohort was not significant [Pr Z =0.139].
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3.3 - Passive Avoidance
Passive avoidance data in adult rats (132-135 days of age) were collected from 12 females in
each group and between 6 and 13 males in each dose group. Data were analyzed for retention
of the CS on day 3 using a Mixed Linear Model. There were no significant effects of the THC
treatment, sex or interactions (figure 3). Cohort was not significant [PrZ=0.069].

3.4 - Active Avoidance
Active avoidance data in adult rats (140 -143 days of age) were collected from 12 females each
group and between 8 and 14 males in each dose group. Data were analyzed using a Generalized
mixed linear model in SAS such that the number of trials avoided out of a total of 20 trials on
each of three days was the dependent variable. While there were no main effects, there was a
significant interaction between sex and treatment [F(2,62)=4.19, p=0.020] (figure 4A). Simple
effect analysis indicated that there were no effects of treatment within males or females.
However, when the data were sliced by treatment, there was a significant difference between
males and females that received THC at 5mg/kg [F(1,62)=5.01) p=0.029]. Time (days) was
highly significant [F(2,60)=34.41; p<0.001] indicating that all subjects improved performance
over the course of testing (figure 4B) but none of the other variables interacted with time.
Cohort was not significant [PrZ=0.139].

4. Discussion
The results of this experiment suggest that oral administration of THC during the preadolescent
period has subtle effects on activity during the period of drug administration and on avoidance
behaviors in adult life. Since Stiglick and coworkers had utilized a similar route of
administration and identified enhanced avoidance behavior in the cannabinoid-treated rats
[21], the length of the treatment must have been too short or the dose too low in our study to
obtain a similar result. Alternatively, the preadolescent brain may not be as sensitive as post
adolescents or mature brains to the effects of THC. Recent studies by Cha et al and Wiley et
al [2;22]however, suggested that adolescents are more sensitive than adults although the
opposite has also been reported [17]. Perhaps, if we had tested larger oral doses for longer
periods of time, we may have identified greater effects.

The dose and route of administration we selected were based on many, many pre- and postnatal
studies showing effects of THC on offspring (see Navarro for review)[11]. However, most
studies involving postnatal administration give the drug ip and we have found that only 2mg/
kg THC depresses locomotor activity in preadolescent rats [9]. Schramm-Sapyta et al [17],
administering similar ip doses, found a suggestion of an increase in locomotion in adolescents.
Since the decrease in locomotion that we found was only in comparison with the slight increase
found in the 1mg/kg THC group (not the control group), we must conclude that under the
conditions of our experiment, oral THC in adolescents produces very subtle effects on
locomotion. An additional caveat is that we administered the drug at the beginning of the dark
phase, minutes after the rats became active. Since rats do not feed in the light, our rats were
essentially fasted at the time of drug administration. Pryor et al. [14] reported that oral
administration of THC in sesame oil to fed rats produced peak plasma THC levels 2-3 hours
after administration and 8 hours after administration to fasted rats. Therefore, while we did not
intentionally fast the rats prior to drug administration, since they were housed under reverse
light cycle conditions and the THC was administered within minutes of the lights going out,
our rats were effectively fasted prior to drug administration. Perhaps, we might have observed
a more robust locomotor depressing effect of the THC if we had assessed the subjects 6-8 hr
after dosing.

Dow-Edwards and Zhao Page 4

Neurotoxicol Teratol. Author manuscript; available in PMC 2009 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Both active and passive avoidance behaviors measured in adulthood were relatively unaffected
by the THC exposure. Our major finding was that 5mg/kg THC produced a sex difference in
active avoidance behavior where the 5mg/kg males performed significantly better than the
females when the data are collapsed across test days (Figure 4). Escapes and shock duration
showed similar patterns. Since avoidance behavior develops differently in males and females
during the period of drug administration [3], we would expect to see sex differences in response
to cannabinoid administration. Also, since the cannabinoid receptor concentration in brain
increases rapidly during the dosing period [16], we would expect to see disruption of behaviors
relying on hippocampus. Since Stiglick and co workers [19-21] studied only male rats and
found that chronic cannabinoid treatment improved, albeit minimally in some studies, active
avoidance behavior, our results are consistent with theirs. They, however, administered larger
doses than we did. Certainly, one possible explanation for the subtle effects on both locomotor
activity and avoidance behavior in our study is the hypothetically slow absorption of THC from
the gut due to the fasted condition of the rats.

Clearly, THC distribution curves are very different after intraperitoneal (ip), oral (po) or
subcutaneous (sc) routes of administration: that is, absorption continues during the elimination
phase particularly for the po and sc routes of administration. These constant low blood levels
may be insufficient to produce psychoactive changes in the brain. On the other hand,
administration of only .15mg/kg THC intravenously during pregnancy has been reported to
alter drug taking behavior and neurochemistry in adulthood [18]. Clearly route of
administration is an important factor to consider in developmental studies of drug toxicity.
However in humans, synthetic THC administered orally has been reported to precipitate
psychosis and cannabis use along with food and drink can undergo rapid absorption [5]. The
oral route can be an effective route of administration for cannabinoids and can result in similar
subjective effects as produced by smoking marijuana [8;12]. Since various cannabinoid
preparations are now available to treat nausea and vomiting, loss of appetite in cancer and
AIDS, etc., consideration should be given to the conditions, such as the time following feeding,
which may substantially increase or decrease the psychoactive effects of the drugs.

Our study found no effect of THC administration during adolescence on body weight. While
marijuana has been found to increase appetite primarily in humans, preclinical studies usually
find either decreases or no change in body weight depending on the dose administered [4;8;
19]. Since our dose was relatively low, it is not surprising that there was no effect on body
weight.

5. Conclusions
Oral THC at 1 and 5 mg/kg administered to fasted subjects during preadolescence has subtle
effects on activity during the period of drug administration and on avoidance behaviors in
adulthood. Presumably the slow absorption of oral THC in fasted rats minimizes the
psychoactive effects, particularly, in comparison with other routes such as ip. When developing
an animal model to study the effects of smoking marijuana, use of a route of administration
which results in rapid increases in plasma drug levels is preferable.
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Figure 1.
Body weight (g) curves for male and female adolescent rats dosed with THC at 0, 1 or 5mg/
kg/day in sesame oil during postnatal days 22-40.
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Figure 2.
Behavior in the Accuscan activity chamber collected 40 min after oral intubation with THC.
A shows total activity collapsed across the 3 test ages and sex. * indicates a significant
difference between activity recorded in rats in the THC 1mg/kg and 5mg/kg groups. B shows
activity at each age collapsed across sex and treatment groups. There was a significant increase
in activity with age. Mean ± sem.
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Figure 3.
shows the latency in sec to cross to the shocked side of the test chamber on the third test day
in the passive avoidance test. There were no significant treatment or sex effects of the
preadolescent THC administration on passive avoidance behavior measured at 132 days of age.
Mean ± sem.
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Figure 4.
shows effects of preadolescent THC on % avoided in the active avoidance test measured at
140 days of age. A illustrates the significant sex by treatment interaction where males receiving
5 mg/kg THC did better across all test days than females receiving the same dose. B shows
that all groups improve performance across the 3 test days. Mean ± sem.
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