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1 Introduction

Terpenes are a diverse class of volatile organic compounds produced by many plants,
including Cannabis sativa, or cannabis, for interactions with other organisms [1] and
contribute to the plant’s characteristic aroma. While historically associated with fragrance
and flavour, terpenes have gained increasing attention in pharmaceutical research for their
medicinal properties and potential synergistic roles alongside cannabinoids [2]. The term
“‘entourage effect” is frequently used to describe this synergy between cannabinoid efficacy
and terpenes, and although a potential overlap in therapeutic benefits is suggested by

research, it has not been validated through clinical trials and thus remains unproven [3].

This report aims to provide a scientific overview of terpenes, with a clear definition of their
chemical nature and biological functions. A review on the pharmacological properties of the
most abundant terpenes found in Cannabis sativa, drawing on peer-reviewed evidence, was
done to establish their therapeutic relevance and a framework for potential applications.
Finally, this framework is applied to selected in-house product cultivars, produced by GES

Labs, to evaluate their potential use in targeted medical applications.

1.1 Classes and main terpenes

Terpenes and terpenoids are a class of secondary metabolites that are produced as a
reaction to environmental stress or to aid in ecological functions such as attraction of
pollinators or seed dispersion [4]. All terpenes are derived from the head-to-tail joining of
isoprene, a C; carbon structure (Figure 1) and therefore the classification of terpenes is
based in the number of isoprene units present in their structure. Most terpenes produced in
Cannabis sativa (98%, [5]) are classified as either mono- or sesquiterpenes and larger

compounds are generally not produced [6].

NS

LEADING NATURALLY

’ This document is a publication of the Research &

Development Department | GESLabs



Tempenes in Cannabis: Therapeutic Bernalits-and Product Profiles

(), GES:

Figure 1: Chemical structure of an isoprene unit

Table 1: Classification of terpene structures commonly found in Cannabis

Class Number of Isoprene units Examples
Hemiterpenes 1 Isoprene
Monoterpenes 2 Pinene, Limonene, Terpinolene

Sesquiterpenes 3 Alpha-Humulene, Beta-Caryophyllene

The terms “terpenes” and “terpenoids” are often used interchangeably; however, they are
distinct in that terpenes are simple hydrocarbons with general molecular structures of
CnHnsneais, Whereas terpenoids (also known as isoprenoids) are modified terpenes with
various functional groups and oxidised methyl groups [7]. Terpenoids are analogues of
terpenes and therefore also follow the classification based on isoprenoid groups, i.e.

monoterpenoids, sesquiterpenoids.

The pharmacological benefits of the common terpenes found in C. sativa include
anti-inflammatory, analgesic and anti-anxiety effects, as outlined in Table 2. These effects
have been demonstrated in preclinical studies which highlight the therapeutic potential of

individual terpenes.

Table 2: Common terpenes/terpenoids found in C. sativa and their proven pharmacological effects.

Compound Class Effects References

Alpha-Humulene Sesquiterpene Anti-inflammatory, anti-allergy [8], [9], [10]

Alpha-Pinene Monoterpene Anti-inflammatory, analgesic, [11],[12], [13]
antinociceptive

Beta-Pinene Monoterpene Anti-inflammatory, [14], [15]
antinociceptive

Beta-Caryophyllen  Sesquiterpene Anti-inflammatory, anti-anxiety, [16], [17], [18],

e analgesic [19], [20], [21]

Beta-Myrcene Monoterpene Anti-inflammatory, analgesic, [22], [23], [24],
sedative [25]

Limonene Monoterpene Anti-inflammatory, anti-anxiety, [26], [27], [28],
anticonvulsant [29], [30]

Linalool Monoterpenoid  Anti-inflammatory, anti-anxiety, [31], [32], [33],

analgesic

[34]
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Extensive research has been conducted on the anti-inflammatory properties of
beta-caryophyllene. It has been observed that beta-caryophyllene interacts with the CB2
cannabinoid receptor from the human endocannabinoid system which is involved in
regulating pain, mood and immune response [18], [19], [20], [35]. Studies have shown that
doses of 50 - 200 mg/kg of beta-caryophyllene significantly reduced systemic inflammation
in rodent models and prostate tissue in gerbils [16], [17]. Alpha-pinene was effective in
suppressing inflammatory responses in immune cells and mouse models at 30 - 300 mg/kg
doses [12], [13]. Alpha-humulene, with doses from 5-500 mg/kg, consistently
demonstrated strong anti-inflammatory action in immune cell markers [8], [9], [10]. Among
the three, a-humulene appeared the most potent, followed by B-caryophyllene, which also
showed efficacy in broader inflammatory conditions. These results suggest that such
terpenes could potentially be used as therapeutics in managing inflammatory conditions,

with alpha-humulene standing out as particularly potent based on the literature reviewed.

Several studies have explored the pain-relieving (analgesic) potential of terpenes, showing
encouraging results across different types of pain models. Beta-myrcene, at doses of
1 - 10 mg/kg, was effective in reducing joint pain and swelling in a rat arthritis model [22],
[23]. Beta-caryophyllene, at 0.1 - 50 mg/kg, significantly reduced nerve pain in mice treated
with antiretroviral drugs in other models of neuropathic pain [18], [19]. Linalool helped
reduce pain sensitivity caused by typically non-painful stimuli (allodynia) in mice at <2 mg/kg
[31]. These findings highlight the potential of these terpenes as alternative or complementary
agents for managing various types of pain, with beta-caryophyllene standing out for its

consistent effects across multiple models of nerve-related pain.

The calming, anti-anxiety effects of terpenes have also been investigated in various animals.
Linalool consistently showed strong effective results in reducing anxiety-like behaviour in
mice using doses of 1 - 10 mg/kg. The tests included measuring social interaction and
avoidance behaviour from acute stress-induced models. The effects were seen whether
linalool was inhaled or injected, suggesting its efficacy through multiple brain pathways [32],
[34]. Beta-caryophyllene, tested at 5 - 50 mg/kg, also reduced anxiety in several models
especially those involving chronic stress. It was proposed that this was through interaction
with the CB2 receptor [20], [21]. Limonene was effective at 5 - 10 mg/kg and showed
promising results mainly in stress-induced anxiety models [27], [30]. Among the three
terpenes, beta-caryophyllene appears most effective in modulating immune responses
associated with sustained anxiety whereas linalool excels in acute stress-induced scenarios,
potentially offering immediate relief from anxiety trigger. Limonene was slightly less potent
compared to both linalool and beta-caryophyllene in the studies reviewed, although it still

demonstrated beneficial effects in stress reduction. The ranking considers not just potency,
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but also how well each terpene works across different types of anxiety models and brain

mechanisms.

In addition to their shared pharmacological effects, several terpenes also have distinct
individual properties. For instance, alpha-humulene has demonstrated anti-allergy effects in
models of airway inflammation [9], linalool has indicated anti-depressant properties that
could potentially be used for depression treatment [33], imonene has shown anticonvulsant
activity relative to seizure treatment [29] and alpha- and beta-pinene were tested for
antinociception, with pain response reduction comparable to those achieved with morphine
[15] and diclofenac [11]. These findings highlight the diverse therapeutic potential of

individual terpenes beyond their commonly studied roles.

1.2 In-house produced cultivars

Within GES Labs, two API sources are used to produce inhalation cartridges. The first
source is a distillate, produced by distilling ethanol extracted decarboxylated crude oil and
formulated by re-introducing the captured volatile fractions at a fixed mass percentage. The
second source is a solventless extract, known as rosin, produced by pressing freeze-dried
trichomes at elevated temperatures and high pressures. This procedure allows for the
retainment of the terpenes through extraction and therefore does not require a formulation

stage after decarboxylation.

The terpene profiles for two distillate cultivars and four rosin cultivars were analysed and the
most abundant terpenes were determined as a mass percentage of the quantified terpene
profile, as determined by GC-FID by an external validated testing laboratory. The distillate
cultivars analysed were Black Cherry Punch (BCP) and Blueberry Kush (BBK), and the rosin
cultivars were GMO cookies, East Coast Sour Diesel (ECSD), Dura x Nana and Gorilla

cookies. The results of the terpene analysis are given in Figure 2.
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Figure 2: Relative terpene composition of our in-house produced inhalation products.

The average total terpene content for the inhalation products of the distillate and rosin
cultivars were approximately 20 mg/gpoauet aNd 68 Ma/g,oauct, respectively. This was expected
given the nature of the differences in extraction methods, where there is typically more
terpene loss during distillation compared to solventless extraction. The most abundant
terpene in the distillate products was beta-caryophyllene, which was also abundant in the
rosin but in smaller amounts. A major difference between the API sources was the difference
in the abundance of linalool and limonene. Although present in the distillate products,
limonene was the most abundant terpene in all the rosin cultivars. Linalool was the second
most abundant terpene in both distillate cultivars but had a 7% relative abundance in one
rosin cultivar, namely East Coast Sour Diesel. Alpha-pinene was significantly present in only
two rosin cultivars, whereas alpha-humulene was significant in all tested cultivars, albeit in

lower relative abundance in the rosin cultivars.

A consolidated overview of the terpene content across each cultivar is presented in Table 3,
along with the potential benefits and applications of the inhalation products based on their
terpene profiles.
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Table 3: Top 3 terpenes available in our in-house inhalation products and possible benefits.

Cultivar Terpene Relative Potential Treatment
Abundance (%)

Beta-Caryophyliene 41 Inflammation, general pain
Black Cherry Punch Linalool 31 . " ’
Alpha-Humulene 16 anxiety, allergies

Beta-Caryophyllene 46
Blueberry Kush Linalool 22
Alpha-Humulene 21

Inflammation, general pain,
anxiety, allergies

Limonene 51
GMO Cookies Beta-Myrcene 18
Beta-Caryophyllene 15

Inflammation, general pain,
anxiety, seizures

Limonene 51

East Coast Sour Beta-Caryophyllene 16

Inflammation, general pain,

Diesel Beta-Myrcene 10 anxiety, seizures

Limonene 33 Inflammation, pain, anxiet
Dura x Nana Beta-Caryophyllene 28 . » pain, Y

seizures

Beta-Myrcene 12

Beta-Caryophyllene 32 Inflammation, general and
Gorilla Cookies Limonene 29 nociceptive pain, anxiety,

Alpha-Pinene 19 seizures, allergies

A deeper analysis into the distillate cultivars BCP and BBK shows that the top 3 terpenes
were beta-caryophyllene, linalool and alpha-humulene, in the order of most to least
abundant. Based on the studies reviewed (Table 1), either cultivar may be suitable for
inhalation products targeting inflammation, pain, anxiety and allergies. Linalool showed
better results in acute stress-induced scenarios and has potentially better effectiveness in
immediate stress relief than limonene and beta-caryophyllene, therefore it can be suggested
that distillate products might prove better for stress relief, especially for fast-acting relief. For
the rosin cultivars, GMO cookies, ECSD and Dura x Nana both had the same dominant
terpene profile: limonene, beta-caryophyllene and beta-myrcene; though Dura x Nana had a
slightly different terpene composition with 10% more beta-caryophyllene and 18% less
limonene compared to the other two (Table 3). Nevertheless, this terpene combination could
potentially be used in treating inflammation, pain, anxiety and seizures. The other rosin
cultivar investigated, Gorilla cookies, had a different top 3 terpene profile consisting of

beta-caryophyllene, limonene and alpha-pinene.

Therefore, an inhalation product based on this cultivar could be beneficial in the treatment of

inflammation, general and nociceptive pain, anxiety, seizures and allergies. These findings
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highlight the value of terpene profiling in developing inhalation products tailored to consumer

needs and desired therapeutic outcomes.

1.3 Conclusions

Although the synergistic effect with cannabinoids is yet to be validated, the therapeutic
benefits of various terpenes are well documented in scientific literature and have been found
to be effective as anti-inflammatory, analgesic, and anxiolytic agents. Extending this to the
products developed by GESLabs, the terpene profiles were used to propose treatment
applications of the different production methods and cultivars. It was seen that the higher
presence of limonene in the rosin cultivars may suggest application for relief of seizure
symptoms, although this is based on the results obtained from the use of isolated limonene
as an anticonvulsant. The more abundant presence of linalool in distillate products, along
with the abundance of beta-caryophyllene suggests that these products might be effective
for fast-acting stress relief based on what was found in literature. The substitution of
limonene for linalool in rosin products in relative abundance suggests that these products
would also have good anti-stress effectiveness, but this would be more effective for treating

other symptoms of stress such as immune responses from sustained anxiety.

Further reports are set to be focused on olfactory properties of terpenes and will include
more cultivars that are produced by GESLabs. Combined with the therapeutic properties,
blends of products will be proposed to target either sensory or therapeutic goals. This will
allow for more specificity in production and will further aid in the standardising of Cannabis
as medicine for targeting specific patient symptoms. Additionally, the energising or sedative
effects of various terpenes is set to be investigated with the goal of standardising the

classification of “Day” or “Night” cultivars based on their terpene profiles.
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