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Abstract

The increasing prevalence of cannabis use, specifically among young people seeking relief from pain, has
generated both public health concern and scientific curiosity. Despite anecdotal claims and preliminary findings
suggesting analgesic effects of cannabis, there remains a notable dearth in rigorous experimental studies
investigating its efficacy, dosage implications, gender-related differences and time interval administrations in
pain response. Existing studies often overlooks the detailed relationship between dosage, sex, and
neurobehavioral outcomes in controlled experimental settings. To address this dearth, this study examined the
effects of cannabis extract on pain sensitivity using an animal model. Twenty-four albino Wistar rats (12 males,
12 females; 100g weight) were maintained under controlled conditions (30£2°C, 12hr light/dark cycles) in a
completely randomized design experiment. Approved Cannabis sativa was homogenized and administered in
three treatment groups (n=8 each) with three replicates. Pain sensitivity was assessed using a Thomas Scientific
hot plate, while memory recognition was evaluated through object recognition tests, employing a pretest-
posttest design. ANOVA results demonstrated significant effects of cannabis on pain sensitivity (p<0.05), with
sex differences also influencing outcomes. The findings suggest that controlled, low-dose cannabis
administration under medical supervision may offer therapeutic potential for severe pain management.
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1. Introduction

Pain is a crucial sensory experience that significantly impacts daily functioning and diminishes quality of life
(Soyuer & Varol, 2019). It ranks among the most common health concerns worldwide, affecting approximately
15-30% of adults suffering from chronic pain (Breivik et al., 2006; Khera & Rangasamy, 2021; Zimmer et al.,
2022; Cohen et al., 2021). Beyond its health implications, chronic pain imposes a heavy economic burden,
contributing to lost productivity and rising healthcare expenditures (Breivik et al., 2006; Johannes et al., 2010).
Current treatment options often fall short, as many patients fail to attain adequate relief through conventional
pharmacotherapy (Finnerup et al., 2015; Moore et al., 2010). Even with a multidisciplinary biopsychosocial
method addressing biological, psychological, and social factors achieving best pain management remains
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difficult (Jensen et al., 2007; Kerns et al., 2011). Consequently, there is an urgent need to research alternative
analgesic therapy to enhance pain management.

In the past few years, there has been an increasing attention toward cannabis extracts as a potential pain
reliever (Savage et al., 2016; Romero-Sandoval et al., 2018; Stella et al., 2021). The cannabis plant contains
several bioactive compounds called cannabinoids, most drastically tetrahydrocannabinol (THC) and
cannabidiol (CBD). THC, first discovered by Mechoulam and Gaoni (1965), is the number one psychoactive
component, whereas CBD offers therapeutic results without inflicting intoxication. Studies reported that
cannabinoids exert their consequences by interacting with the endocannabinoid system (ECS), a critical
regulator of pain perception, mood, and other physiological features (Marsicano & Lutz, 2006). Through the
process of modulating ECS activity, cannabinoids may change pain sensitivity, positioning them as a viable
alternative for pain relief (Fine & Rosenfeld, 2013).

Several studies have substantiated pain-relieving effects of cannabis globally by demonstrating
cannabinoids' efficacy in reducing pain and muscle spasticity in multiple sclerosis patients (Rog et al., 2005;
Svendsen et al., 2004; Vecchio et al., 2020; Haddad et al., 2022; Fine & Rosenfeld, 2013; Filippini et al., 2021;
Chisari et al., 2020; Jones & Vlachou, 2020; Di Stefano et al., 2020; Khan et al., 2020; Patti et al., 2020; Fragoso
etal., 2020; Rykucka et al., 2020; Ware et al., 2010; Martinez-Paz et al., 2023, Isaiah et al., 2024), with findings
indicating cannabis inhalation changes pain perception. Other studies have reported the effectiveness of smoked
cannabis in managing pain related to HIV neuropathy and peripheral nerve damage (Abrams et al., 2007; Ellis
et al., 2009; Ware et al., 2010).

Existing pharmacological pain management, such as opioids and NSAIDs, faces significant limitations such
as unfavorable consequences, addiction potential, and diminishing efficacy over the years (Alorfi, 2023; Majid,
2023). These demanding situations reveal the vital need to develop safer, greater sustainable analgesic
alternatives. Cannabinoids, through their relationship with the endocannabinoid system (ECS), emerged as a
significant therapeutic option (Lowe et al., 2021). Clinical studies revealed that THC and CBD can effectively
modulate pain signaling pathways, particularly in treatment-resistant chronic pain conditions (Urits et al., 2020;
Luz-Veiga et al., 2020). Moreover, the same mechanisms underlying cannabinoid-precipitated pain modulation
require, in addition to elucidation, extra studies are essential to set up standardized, secure, and effective
cannabinoid-based pain therapeutic procedures (Campos et al., 2020).

Based on this backdrop, there is a need for deeper mechanistic expertise and standardized treatment
protocols. Hence, this experimental study evaluates cannabis extract outcomes on nociceptive thresholds in an
animal model. Through systematic research of cannabinoid-prompted pain perception changes, the research
goals include: (1) characterizing dose-reaction relationships, and (2) identifying capacity therapeutic windows
for effective analgesia. The study hypothesized the following:

Hi: Cannabis will have significant effect on pain sensitivity

Hi: Gender will have significant effect on pain sensitivity

Hi: Time interval in the administration of cannabis will have significant effect on pain
sensitivity.

2. Literature review

Cannabis sativa has garnered significant attention for its analgesic properties, primarily attributed to its
phytocannabinoids, such as A°-tetrahydrocannabinol (THC) and cannabidiol (CBD) (Blanton et al., 2021).
These compounds interact with the endocannabinoid system, influencing pain perception through cannabinoid
receptors CBi1 and CB.. Preclinical studies, particularly those involving rodent models like albino Wistar rats,

have been instrumental in elucidating the analgesic mechanisms of cannabis extracts (Soliman et al.,2021; Finn
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et al., 2021). Notably, factors such as gender and dosage play crucial roles in modulating the efficacy of these
extracts.

2.1. Cannabis use

Cannabis use refers to the consumption of products derived from the Cannabis sativa plant, either for medicinal,
recreational, or therapeutic purposes. It involves various methods such as smoking, ingestion, vaporization, or
application of extracts and oils. Medicinally, cannabis is often used to manage conditions like chronic pain,
epilepsy, and inflammation due to its active compounds known as cannabinoids (Pagano et al., 2022). Cannabis
sativa contains over 100 cannabinoids, with A°-tetrahydrocannabinol (THC) and cannabidiol (CBD) being the
most studied. THC is known for its psychoactive properties and acts primarily through CB: and CB: receptors
of the endocannabinoid system, influencing pain perception, mood, and appetite (Rezende et al., 2023). CBD,
in contrast, is non-psychoactive and interacts with several receptors such as TRPV-1 and 5-HT:A, producing
analgesic, anti-inflammatory, and anxiolytic effects without intoxication (Kicman & Toczek, 2020). Preclinical
studies, particularly in animal models like albino Wistar rats, have provided evidence that cannabis extracts
modulate pain responses in a dose-dependent manner. For example, research has shown that administration of
cannabis extract significantly alters pain sensitivity in rats, validating its potential as an alternative pain
management strategy (Uwemedimo et al., 2024).

2.2. Pain sensitivity

Pain sensitivity, or nociception, is the physiological process by which the nervous system detects and responds
to harmful stimuli. This process involves the activation of nociceptors, specialized sensory neurons that respond
to mechanical, thermal, or chemical threats. Once activated, these nociceptors transmit signals through
peripheral nerves to the spinal cord and brain, where the perception of pain is formed.

The endocannabinoid system plays a significant role in modulating pain sensitivity. This system comprises
cannabinoid receptors (CB: and CB:), endogenous ligands like anandamide and 2-arachidonoylglycerol, and
enzymes responsible for their synthesis and degradation (Hohmann & Suplita, 2008). Activation of CB:
receptors, predominantly located in the central nervous system, and CB: receptors, primarily found in peripheral
tissues, has been shown to produce antinociceptive effects in various pain models, including acute,
inflammatory, and neuropathic pain (Starowicz & Finn, 2017).

Research indicates that cannabinoids can modulate pain by inhibiting the release of neurotransmitters and
neuropeptides, reducing neuronal excitability, and attenuating inflammatory responses (Starowicz & Finn,
2017). For instance, studies have demonstrated that administration of cannabinoid receptor agonists can
suppress the activity of nociceptive neurons in the spinal cord, leading to decreased pain perception (Liu &
Walker, 2006). Additionally, endogenous cannabinoids like anandamide are released in response to noxious
stimuli and contribute to the body's natural pain suppression mechanisms (Walker et al., 1999).

In animal models, such as albino Wistar rats, the administration of cannabis extracts has been observed to
alter pain sensitivity in a dose-dependent manner (Bartkowiak-Wieczorek et al., 2024; Bagues et al., 2022).
Higher doses of the extract have led to significant reductions in pain responses, highlighting the potential of
cannabinoids as alternative analgesics (Baron, 2018; Ang et al., 2022). These findings reveals the importance
of further research into the endocannabinoid system's role in pain modulation and the therapeutic applications
of cannabinoids in pain management.
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2.1.3. Gender and Pain Sensitivity

Pain sensitivity exhibits notable differences between genders, influenced by a complex interplay of biological,
hormonal, and psychosocial factors (Racine et al., 2012; Osborne & Davis, 2022). Research consistently
demonstrates that women generally report higher pain sensitivity and a greater prevalence of chronic pain
conditions compared to men (Hashmi & Davis, 2014; Eltum & Tashani, 2017; Osborne & Davis, 2022). These
disparities are attributed to variations in hormonal levels, neural processing, and psychological factors.

Biologically, sex hormones play a pivotal role in modulating pain perception (Palmeira et al., 2011; Athnaiel
et al., 2023). Estrogen and progesterone, predominant in females, have been shown to influence nociceptive
processing. For instance, estrogen can enhance the excitability of nociceptive neurons, leading to increased pain
sensitivity (Sarajari & Oblinger, 2010). Conversely, testosterone, more abundant in males, tends to have
analgesic properties, potentially contributing to lower pain sensitivity in men (Athnaiel et al., 2023).

Neuroimaging studies have revealed sex-specific patterns in brain activation in response to pain stimuli
(Guptaetal., 2017; Osborne & Davis, 2022). Women often exhibit greater activation in regions associated with
emotion and pain processing, such as the anterior cingulate cortex and insula, suggesting a more intense
emotional experience of pain (Gupta et al., 2017). Additionally, structural differences, such as variations in the
corpus callosum and gray matter distribution, may contribute to these functional disparities (Osborne & Davis,
2022).

Psychosocial factors also contribute to gender differences in pain perception (Fillingim, 2023). Societal
norms and expectations can influence how individuals report and cope with pain. Women are more likely to
express pain and seek medical attention, whereas men may underreport pain due to cultural expectations of
stoicism (Cagle & Bunting, 2017). These behavioral differences can affect pain assessment and management in
clinical settings.

In preclinical studies, such as those involving albino Wistar rats, gender differences in pain sensitivity have
been observed (Yezierski, 2012; Eltumi & Tashani, 2017). Female rats often display heightened pain responses
compared to males, and their sensitivity can fluctuate with hormonal cycles (lacovides et al., 2015). These
findings show the importance of considering gender as a critical variable in pain research and the development
of analgesic therapies and management.

2.1.4. Time Interval on Anti-nociception

The temporal dynamics of antinociceptive effects following Cannabis sativa extract administration are critical
for understanding its analgesic efficacy (Imam & Sumi, 2014). Studies utilizing albino Wistar rats have
demonstrated that the onset, peak, and duration of pain relief are influenced by factors such as dosage,
administration route, and the specific cannabinoid profile of the extract (Brunni et al., 2023; Uwemedimo et al.,
2024).

In a study by Harris et al. (2019), oral administration of A°-tetrahydrocannabinol (THC) exhibited a delayed
onset of antinociceptive effects, with peak responses observed at 300 minutes post-administration in tail-flick
tests. This contrasts with morphine, which showed peak effects at 30 minutes, highlighting the prolonged time
course of THC-induced analgesia (Moore & Weerts, 2022). Similarly, Moore et al. (2021) investigated the
effects of vaporized THC and found that antinociceptive responses peaked at 60 minutes post-exposure and
gradually diminished by 300 minutes. This study also noted that intraperitoneal (IP) administration of THC
resulted in a progressive increase in antinociceptive effects, peaking at the final assessment point of 300
minutes.

Furthermore, research by Craft et al. (2023) assessed the impact of vaporized THC-dominant cannabis
extract on rats with persistent inflammatory pain. The study reported significant reductions in mechanical
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allodynia and improvements in weight-bearing and locomotor activity within 15 to 120 minutes post-exposure,
indicating a relatively rapid onset of analgesic effects. These findings underscore the importance of considering
the time interval post-administration when evaluating the antinociceptive properties of cannabis extracts. The
delayed onset and prolonged duration of THC's analgesic effects suggest that timing is a crucial factor in
optimizing therapeutic outcomes.

3. Research method

Experimental design

This investigation utilized a pre-test/post-test design to systematically assess treatment effects. Baseline pain
sensitivity measurements (pre-test) were recorded prior to cannabinoid administration. Subsequent post-
treatment evaluations (post-test) quantified response modifications, facilitating comparative analysis between
pre- and post-intervention conditions to determine therapeutic efficacy.

Experimental setting
The study was carried out in the Animal House Unit Laboratory, Faculty of Pharmacy, Department of Pharmacy
and Toxicology at the University of Uyo.

Experimental animals

For this investigation, 24 male and female albino Wistar rats weighing 100 grams were employed. They were
housed in the Department of Pharmacy and Toxicology's animal house unit at the University of Uyo, Nigeria,
at a temperature of 30 2°C with 12hr light/dark cycles, with free access to food and water. For both pain and
memory, rats were placed into three groups of four.

Experimental material/ instruments

Plant materials

C. sativa was obtained with the agreement of the National Drug Law Enforcement Agency (NDLEA), Uyo,
Akwa-lbom State Command, under the reference number UU/FSS/D/30/VOL. |, and homogenized using a
manual blender. 100gm of the blended leaves were weighed and immersed in 2.5 liters of ethanol for 96 hours
before being filtered and dried for ethanol evaporation using a student water bath at 46°C for 72 hours. The
filtrate was chilled in a clean glass beaker. The extract was removed from the refrigerator two hours before oral
delivery. The low dose was 0.5 mg/100 g body weight, whereas the high dose HD was 0.8 mg/100 g body
weight. These doses were chosen in order to avoid causing any harm to the physiological functions of the
participants (Wister rats), which could result in death, as directed by the National Drug Law Enforcement
Agency (NDLEA), Uyo, Akwa-lbom State Command.

Hot plate test

For this test, a Thomas scientific hot plate (author regulated) was employed. The temperature of a hot plate's
heated surface was kept constant at 55.0 0.5°C. Each albino rat was gently placed on the plate, and the time it
took the mouse to lick its paws or jump was recorded as the response (Tjglsen & Hole, 1997). To prevent the
animal from migrating from the platform and to avoid tissue damage, a 2000ml beaker was placed around it,
and the cutoff time or latency response in the control was set to 15s. The test was administered prior to
administration to establish baseline responses, and it was repeated after administration at 15, 30-, 60-, 90-, and
120-minutes intervals.
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Administration Procedure

Figure 1: Hot plate test

Comparison group (Aspirin) 4 males

4 females 0.4ml
Experimental group 1 (low dose) 4 males

4 females 05+0.1ml
Experimental group 2 (high dose) 4 males

4 females 0.8ml

Table 1 above summarizes the experimental design to examine the outcomes of various doses of cannabis on
pain response using the " Hot plate test." This test typically measures how lengthy it takes for subjects to respond
to heat exposure, which is an indicator of pain tolerance. The study includes three groups: (1) a comparison
group using aspirin, and two experimental groups which received low and high doses of cannabis.

In the assessment group, which serves as the control, each difficulty comprising four adult males and four
females acquired 0.4ml of aspirin, a regarded pain reliever. This group’s outcome will offer a baseline for
evaluating the pain-relieving results of cannabis. The first experimental group, tagged as the low-dose group,
included 4 men and four females. Each subject in this group received a low dose of cannabis, measured at 0.50
+ 0.10 ml, where "+ 0.10 ml™ allows for a range from 0.40 ml to 0.60 ml, accounting for slight variations. This
group helps to observe how a low dose of cannabis influences pain tolerance in comparison to both aspirin and
the higher cannabis dose.

The second experimental group, which is the high-dose group, consisted of 4 males and 4 females, with
each subject receiving a dose of 0.8 ml of cannabis. This group is included to determine whether a higher dose
of cannabis has a significantly different effect on pain response compared to the low dose and the aspirin group.
By comparing pain responses across these groups, the experiment aims to assess the analgesic effects of varying
cannabis doses, with gender-balanced groups in both control and experimental conditions.

Ethical approval

The author certifies that the "Principles of Laboratory Animal Care™" (NIH publication No. 85-23, updated 1985)
were followed. The National Drug Law Enforcement Agency (NDLEA), Uyo, Akwa-lbom State Command,
investigated and authorized all tests under ref no. UU/FSS/D/30/VOL.I.

Statistical analysis
Results were expressed as mean + SEM. ANOVA was applied. General group means were compared by
student's t-test. Differences were considered significant at P<0.05.

4. Data analysis

Effect of C. Sativa on Pain Sensitivity

The effect of C. Sativa among the treatment and comparison groups is shown in Table 1. There was no
significant difference in pain sensitivity when the anti-nociception of low dose group (10.13+2.43) was
compared with the comparison group (9.04+3.11; t=1.23; p>.05). In the high concentration group (10.58+2.49),
pain sensitivity is also not significantly different when compared to the low dose (t=0.58; p>.05) and
comparison group (t=1.73; p>.05).
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Table 2: Effect of C. sativa on anti-nociception among treatment and comparison groups

Group Mean Anti-nociception (+SD) Comparison t p-value
Low Dose C. Sativa 10.13£2.43 vs. Comparison Group 1.23 >0.05
High Dose C. Sativa 10.58 +2.49 vs. Low Dose Group 0.58 >0.05
High Dose C. Sativa 10.58 +2.49 vs. Comparison Group 1.73 >0.05
Comparison Group 9.04 +£3.11

Note: No significant differences in pain sensitivity were observed between groups (all p > 0.05)

Effect of gender on pain sensitivity

The result shows a significant difference in the anti-nociception of Male albino Wistar rats and Female albino

Wistar rats (t= -2.15; p<.05). Specifically, the Female albino Wistar rat shows greater anti-nociception
(10.65+3.02) than the Males (9.18+2.21). This finding is presented in Table 3 below;

Table 3: Comparison of anti-nociception between male and female albino wistar rats

Group Mean Anti-nociception (+SD) T p-value
Female Albino Wistar 10.65 £ 3.02 -2.15 <0.05
Male Albino Wistar 9.18+2.21

Effect of time interval on pain sensitivity

The finding revealed a significant difference in pain sensitivity of the albino rats due to the variation of intervals

between C. Sativa administration and test for anti-nociception [F (4, 55) = 2.84; P<.05]. There was a steady rise
in anti-nociception from the 15 minutes interval (8.41+1.72) to the 30 minutes interval (8.81+3.20) to the 60

minutes interval (11.13+2.47), the 60 minutes time interval led to the peak anti-nociception after which anti-

nociception gradually reduced in the 90 minutes interval (11.00+2.65) and further down in the 120 minutes
interval (10.24). This result is shown in Table 3.

Table 3: Offect of time interval on anti-nociception in albino rats after c. sativa administration

Time Interval (minutes) Mean Anti-nociception (xSD) Df F-value p-value
15 841+1.72 4 2.84 <0.05
30 8.81+3.20

60 11.13+2.47

90 11.00 + 2.65

120 10.24

5. Findings and discussion

The finding of the study reveals that there is a significant effect of cannabis on pain sensitivity. However, there

was no difference between the low dose of cannabis and high dose of cannabis on pain sensitivity. The outcome

of the result implies that the significant effect of cannabis on pain is not dependent on dosage of cannabis but

the cannabis itself. The finding of the study confirms the study of Urits et al. (2020); Luz-Veiga, Azevedo-Silva
& Fernandes (2020); Vecchio et al. (2020); Haddad, Dokmak & Karaman (2022); Fine & Rosenfeld (2013);
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Filippini et al. (2021); Chisari et al. (2020); Jones & Vlachou (2020); Di Stefano et al. (2020); Khan et al.
(2020); Patti et al. (2020); Fragoso, Carra & Macias (2020); Rykucka et al. (2020); Ware et al. (2010); Martinez-
Paz, Garcia-Cabrera & Vilches-Arenas (2023) whose findings showed that Cannabis inhalation influences
subjects’ sensitivity to pain.

The finding of the present study also reveals that there is a significant difference in the anti-nociception of
Male albino Wistar rats and Female albino Wistar rats. This implies that female Wistar rats are more sensitive
to pain than male Wistar rats. This is implicative to human as female genders are known to be sensitive to pain
more than the male gender. This finding of this study is in-line with the findings of other researchers (Fillingim
et al., 2009, Bernades et al., 2008; Hurley and Adams, 2008; Mogil, 2012; Barnabe et al., 2012). However, the
finding of the study was inconsistent with the finding of Chia et al. (Chia et al., 2002).

In addition, the finding of the present study also reveals that there is a significant difference in pain
sensitivity of the albino rats due to the variation of intervals between C. Sativa administration and test for anti-
nociception. This implies that the duration of time in which cannabis is taken can affect the sensitivity of pain
but reduces as at a certain point. This is implicative in humans as cannabis produce a vast effect at the first 60
minute of ingestion but reduces as the user continues to use.  This term is known as tolerance in drug use.

6. Contribution of the study

This study makes several significant contributions to existing knowledge. First, it provides empirical evidence
supporting the potential of cannabis extracts as an alternative treatment for pain management, particularly for
individuals unresponsive to conventional therapies. By scientifically validating anecdotal reports of cannabis
use for pain relief among youths, the study emphasizes the need for further clinical research into the therapeutic
applications of cannabis.

Secondly, the finding that sex significantly influences pain sensitivity advances understanding of the
biological differences in pain perception. This highlights the importance of incorporating gender-specific
considerations into the design of more personalized pain management strategies, thereby improving treatment
outcomes.

Lastly, by identifying both the therapeutic potential and the risks associated with unsupervised cannabis use,
the study contributes to the broader discourse on public health policy. It underscores the critical need for
regulated medical oversight in the use of cannabis for pain management, informing future guidelines for safe
and effective use.

7. Implications of the study

The findings of the study have several important implications. First, the significant effect of cannabis on pain
sensitivity suggests that cannabis extracts may serve as a potential alternative treatment for managing pain,
particularly for individuals who do not find relief from conventional pain medications.

Secondly, the finding revealed that sex significantly influences pain sensitivity. This implies pain perception
varies between males and females, likely due to biological and hormonal differences. This suggests that pain
management strategies should be tailored to account for sex differences in order to enhance treatment
effectiveness. Health practitioners and researchers must therefore consider gender-specific approaches when
designing pain assessment tools, management protocols, and clinical interventions to ensure more personalized

and effective pain management outcomes.
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8. Conclusion

Cannabis use has steadily increased over the years, particularly among young people. As many experts have

discovered, the attempt to understand the explanation for this high prevalence indicates its usefulness in

relieving aches and soothing nerves. Despite these findings, there has been considerable debate, particularly

among researchers, about the effect of cannabis usage on pain sensitivity. Experimentally induced pain studies

have produced a very consistent pattern of results, reporting that cannabis use acts as analgesics in pain

reduction across both genders, with women exhibiting greater pain sensitivity, enhanced pain facilitation, and

reduced pain inhibition compared to men, though the magnitude of these sex differences varies across studies.

The current study's findings are consistent with prior studies in that cannabis considerably decreases pain

sensitivity. Furthermore, gender and the time intervals between cannabis usages have a substantial effect on

pain sensitivity. As a result, it was established that cannabis had a considerable effect on pain sensitivity. The

following were recommended based on the findings of the study;

«+ Future research should conduct large-scale, controlled clinical trials to further investigate the efficacy and
safety of low-dose cannabis administration for pain management across different populations.

+ Medical practitioners should consider sex differences in pain sensitivity when prescribing cannabis-based
therapies, developing personalized treatment plans that account for biological variability.

+«+ Cannabis use for pain management should be strictly regulated and administered under medical supervision
to minimize potential risks and ensure appropriate dosing.

¢+ Public health authorities should create educational programs to inform the public about both the potential
benefits and risks of using cannabis for pain relief, emphasizing the importance of medical guidance.
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