Experimental Design
Data Collection
❖ Data was collected from a substudy carried out by mentors Dr. Mohini Ranganathan, Dr. Patrick Skosnik,
and their laboratory group
➢ 2 test days with at least 3 days in between
➢ Double-blind and placebo-controlled
➢ Drug: 10 mg of dronabinol taken orally
➢ RAVLT was administered 80 minutes after dronabinol administration
➢ 54 participants, 4 excluded from data analysis for Phase 1, 6 excluded from analysis during Phase 2
❖ Data analysis and conclusions were made by the mentee

Data Analysis Procedure
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❖ Delta-tetrahydrocannabinol (THC) is known as one of the main
psychoactive ingredients in herbal cannabis
➢ Known to induce psychotic effects such as anxiety, feeling
“high”, and memory deficits(1,2,3,5,6,7,8)
➢ A pure form (dronabinol) is often used during experimentation
in order to keep THC effects constant
➢ Oral administration: high individual variability, longer period of
time before onset of effects, lower peak effects compared to
inhaled and intravenous(7)
➢ Past research suggests women and men experience effects
differently(1,7)
■ Women tend to develop a cannabis use disorder more
rapidly than men(7)
❖ Verbal learning and memory:
➢ A subcategory of working memory that deals with encoding,
consolidating, and retrieving verbal information
❖ Rey’s Auditory Verbal Learning Task (RAVLT) 🡪 used to measure
verbal learning and memory deficits
➢ Procedure and Materials:
■ 2 lists of words:
● List A (15 unrelated words that have no heavy emotional
meaning)
● List B (15 different words following the same criteria as
List A)
■ Every word from List A and List B is read with an even
cadence
■ Trials 1-5, Trial 7 (Short Delay Recall), and Trial 8 (Long Delay
Recall) use List A
■ Trial B (performed after Trial 5) uses List B
■ Scoring: the score for each trial is the number of words
recalled correctly
➢ Age has been shown to be the biggest decider of RAVLT
performance(4,9)
➢ Gender is an inconclusive factor in RAVLT performance
■ Some literature suggests that females perform better than
matched males(9) while others suggest that there is no
significant difference between males and females(4)

Eﬀects of Cannabinoids on Verbal
Learning and Memory: Relationship
to Biological Sex
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❖ Herbal cannabis (Cannabis sativa) is the most
commonly used drug in the world
❖ Due to the legalization of cannabis, there has
been an increase in usage among women(7) and
youths(3)
❖ Herbal cannabis contains over 500 different cannabinoids
➢ Cannabinoid: any active chemical constituents within the
cannabis plant
■ Known to have significant impacts on memory(9)
● The human brain has an endocannabinoid system that
regulates synaptic transmission
■ 2 major active cannabinoids:
● Cannabidiol (CBD)
● Delta-9-tetrahydrocannabinol (THC) →

So
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Data and Results
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Conclusions
❖ Phase 1 suggested that women and men have no significant
difference in RAVLT performance at placebo
➢ Opposed hypothesis and most of the reviewed literature(1,8,9)
➢ An RAVLT study done by Magalhães et al. (2010) supported
this conclusion(4)
❖ Phase 1 and majority of Phase 2 suggests that the THC had no
effect on both sexes for RAVLT performance
➢ Possibilities:
1. The test was done before the onset of oral THC effects
● Oral THC is known to peak at around 120 minutes after
ingestion(5)
● This study administered the RAVLT 80 minutes after
ingestion
2. The dose of the oral THC was too low
● unlikely because Marin-Santos et al. (2012)(5) also used
10 mg THC with peak results after 2 hours
3. Oral THC was not a good administering method
● There is high individual variability in effects and
duration of onset due to differences in metabolism and
lifestyle
● Oral administration has lower peak effects and longer
onset period compared to intravenous and inhaled THC
4. The timing of the words read out loud during the RAVLT
had some effect
● The words were read at a slower pace than the
standard because the data was collected using an
EEG-adapted version of the RAVLT
5. There was no significant difference between the
performances of males and females at baseline
● Supported by this study and Magalhães et al. (2010)(4)
● Opposed by Bassir Nia et al. (2018)(1), Van Der Elst et al.
(2005)
➢ Phase 2 showed inconsistent results
○ Only four relatively random groups showed significant
differences
○ Could be because of uncontrollable factors (i.e.
metabolism)

Possible Future Research

● Test if administering the RAVLT 120 minutes after administration
would have more significant differences in RAVLT performance
induced by the oral THC
● Test if using a high dosage would induce greater THC effects on
verbal learning and memory
● Test if using another route of administration (intravenous or
inhaled) could induce greater THC effects and therefore have a
greater effect in RAVLT performance
● Analyze whether the brain used different neuron networks under
the influence of THC compared to placebo using brain imaging
(EEG or fMRI)

Implications

Problem Statement

The biological sex differences in THC-induced verbal learning and
memory deficits are not well-categorized. The purpose of this
project is to examine the acute verbal learning deficits induced by
oral THC in healthy humans and analyze sex-related differences in
this response.

Hypothesis

If the subjects administered THC orally, it will acutely induce verbal
learning deficits measured using the RAVLT compared to placebo and
this deficit will be affected by the biological sex of the participants,
with women having less deficits than men.

Variables
❖ Independent Variable: Drug condition (placebo vs. dronabinol)
❖ Dependent Variable: RAVLT Performance

❖ Adds to the growing literature on cannabinoids and their
effects on cognition, especially on verbal learning and memory
❖ Informs both clinicians and the general public about the effects
of cannabinoids
Fig. 3
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