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ABSTRACT

CBD reference standard.

phytocannabinoid ingredients and formulas.

ultrafiltrate

Introduction: Cannabidiol (CBD)-containing products have become very prevalent in the food, nutraceutical,
and cosmetic industries. One reason for the popularity of these CBD products is their therapeutic effects on the
endocannabinoid system due, in part, to their CB; receptor binding. Studies suggest benefits including immune
modulatory effects, as well as emotional and physical support. Other plant-derived nutraceutical ingredients have
been shown to have similar CB, receptor binding potential.

Objectives: The purpose of this study is to measure and compare the CB, receptor binding affinity of nutraceutical
ingredients, both alone and in combination, to determine which may have greater potential for CB, receptor activity,
and as a result, a greater potential for regulating the endocannabinoid system.

Methods: In this study, in vitro cellular and nuclear receptor functional assays were used to measure the CB, binding
affinity of various nutraceutical ingredients both alone and in combination. The nutraceuticals and compounds
tested were copaiba essential oil, palmitoylethanolamide (PEA), Sichuan pepper extract, Acmella oleracea extract, a
blend of cruciferous vegetable extracts, bovine colostrum filtrate, three commercial CBD oil products, and a purified

Results: The results of the in vitro study showed agonist, antagonistic, or inverse agonistic CB, receptor binding.
Comparisons for CB; receptor binding affinity of different combinations of nutraceutical ingredient were also
determined. The nutraceutical with the highest CB, receptor binding affinity was Acmella oleracea extract, while
the combination with the highest affinity was a blend of PEA, Sichuan pepper extract, Acmella oleracea extract,
cruciferous vegetable extract blend, and bovine colostrum filtrates. Additional studies should be enacted with these
same ingredients and blends to confirm similar CB; binding affinities in vivo.

Conclusion: Certain phytocannabinoid ingredient combinations were shown to have a higher CB, receptor
affinity than several leading brand CBD oils. This suggests that therapeutic benefits may also be provided by these

Keywords: Phytocannabinoid; CB; receptor; Acmella oleracea; Palmitoylethanolamide; Diindolylmethane; Colostrum

INTRODUCTION

The CB; receptor is mainly expressed in peripheral immune cells
such as macrophages, dendritic cells, and B cells, suggesting that
the endocannabinoid system has an immunomodulatory role [1].
Numerous studies also have reported that genetically modified
mice lacking the CB; receptor have severe immunomodulatory

deficiencies [2]. This gives credence to therapeutic strategies

aimed at modulating CB; signaling for the treatment of various

immune conditions.

Cannabidiol (CBD),

naturally in the marijuana plant, is a popular ingredient in

one of the cannabinoids produced

many dietary supplement products on the market. None of
the non-pharmaceutical products containing CBD, however,

are considered allowed dietary supplements by the Food and
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Drug Administration (FDA) [3]. Several studies have shown the
relationship between CBD, management of the endocannabinoid
system and improved mood and decreased pain, due in part to
the CB, receptor binding affinity of this cannabinoid [4-10].
Other compounds may be suitable substitutes for CBD and CBD-
containing ingredients in nutraceutical products because they are

not held to the same level of regulatory scrutiny by the FDA [11].

Several studies have investigated potential alternative ingredients
to CBD with similar CB, receptor binding affinity that may
also provide similar benefits; palmitoylethanolamide (PEA), a
blend of cruciferous vegetable extracts, Sichuan pepper extract,
Acmella oleracea extract, and copaiba oil are some of the more
researched compounds that interact directly or indirectly with
CB, receptors [12-23]. Some of the active components present in

these ingredients are shown in Figure 1.

Figure 1: Chemical structures of several active compounds found
in the ingredients selected for this study that purportedly interact
directly or indirectly with CB, receptors.

Bovine colostrum filtrate has been demonstrated to have
strong immune cell activity, though the mechanism is not fully
understood [24-26]. Colostrum, the first milk produced by
mammal mammary glands, may contain small amounts of certain
endocannabinoids, which could be partially responsible for
colostrum’s immune related effects, via the CB, receptor [27,28].
For this reason, we include the proprietary bovine colostrum
filtrate.

The purpose of this study is to measure and compare the CB,
receptor binding affinity of the above mentioned nutraceutical
ingredients, both alone and in combination, to determine which
may have greater potential for CB, receptor activity, and as a
result, a greater potential for regulating the endocannabinoid

system.
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MATERIALS AND METHODS
Compounds tested were as follows:

(a) Copaiba essential oil, standardized to contain no less than

50% beta-caryophyllene
(b) Palmitoylethanolamide (PEA), 99% purity by HPLC

(c) Sichuan pepper extract, supercritical fluid CO, extracted (not
standardized)

(d) Acmella oleracea extract, standardized to 20% spilanthol

(e) A blend of cruciferous vegetable extracts, consisting of
broccoli, cabbage and kale extracts and containing no less than

42% indole content, including 3, 3’ diindoylmethane

(f) Bovine colostrum filtrate, from defatted and ultrafiltered (to
less than 10 kDa) whole colostrum and containing no less than
37% peptides

(g) Three commercial CBD oil products, standardized to CBD
with varying concentrations varying from 2 to 10 mg/mL. (CBD
metabolite values listed are for the specific lot used in these
experiments. Metabolites below 1 mg/mL or 1 mg/g are not
listed; ND=Not detected.)

(a) Market brand CBD oil #1-(CBD, 11.4 mg/g; CBC, 1.9 mg/g;
THC, 0.03%)

(b) Market brand CBD oil #2-(CBD, 835 mg/g; CBD-A, 1.1
mg/g; CBD-V, 3.9 mg/g; THC, ND)

(c) Market brand CBD oil #3-(CBD, 8.1 mg/mL; CBD-A, 0.5
mg/mL, CBG, 1 mg/mL; CBC, 0.7 mg/mL; THC, 0.04%)

(h) Purified CBD reference standard, 99.9% by HPLC

All compounds and their combinations were tested at 20.0 pg/ml
for both agonist and antagonistic effects on CB; receptors from
human recombinant Chinese Hamster Ovary (CHO) epithelial
cells. A similar test was done for determining activity with CB,
receptors. Phytocannabinoid Formula 5 was also tested on non-

expressed cell lines to test for off target effects.

The method focused on evaluation of the agonist and antagonist
activity of compounds at the human CB, receptor expressed in
transfected CHO cells, determined by measuring their effects
on cAMP modulation using the homogenous time-resolved
fluorescence (HTRF) detection method for both agonist and

antagonist effect assays.

The procedure for the agonist effect assay is as follows: the CHO
cells were suspended in HBSS buffer (Invitrogen) complemented
with 20 mM HEPES (Invitrogen Cat# 14025; pH 7.4), then
distributed in microplates at a density of 7.5 x 10% cells/well
in the presence of one of the following: HBSS (basal control),
the reference agonist at 100 nM (stimulated control) or various

concentrations (EC,; determination), or the test compounds.



Lee G, et al.

Thereafter, the adenylyl cyclase activator NKH 477 (Tocris Cat#
1603) was added at a final concentration of 3 pM. We used NKH
477 to activate cyclases. This effect of NKH 477 is what we call
the background signal of the assay (0% effect). It is measured in
each experiment in several wells. Following 10 min incubation
at 37°C, the cells were lysed and the fluorescence acceptor (D2-
labeled cAMP) and fluorescence donor (anti-cAMP antibody
labeled with europium cryptate) was added. After 60 min at
room temperature, the fluorescence transfer was measured
at Aex=337 nm and Aem=620 and 665 nm using a microplate
reader (EnVision® , Perkin Elmer). The cAMP concentration
was determined by dividing the signal measured at 665 nm by
that measured at 620 nm (ratio). The results are expressed as a
percent of the control response to 100 nM WIN 55212-2 (Sigma
Cat# W102). The standard reference agonist is WIN 55212-2,
which is tested in each experiment at several concentrations to
generate a concentration-response curve from which its EC

value is calculated [29].

For the antagonist effect assay, the CHO cells were suspended in
HBSS buffer (Invitrogen) complemented with 20 mM HEPES
(pH 7.4), then distributed in microplates at a density of 7.5 x 103
cells/well and pre incubated for 5 min at room temperature in
the presence of one of the following: HBSS (stimulated control),
the reference antagonist AM 630 (Tocris Cat# 1120) at 100 pM
(basal control) or various concentrations (ICs0 determination),
or the test compounds. Thereafter, the reference agonist WIN
55212-2 and the adenylyl cyclase activator NKH 477 were added
at respective final concentrations of 3 nM and 3 pM. For basal
control measurements, WIN 55212-2 was omitted from the wells
containing 30 uM AM 630. Following a 10 min incubation at
37°C, the cells were lysed and the fluorescence acceptor (D2-
labeled cAMP) and fluorescence donor (anti-cAMP antibody
labeled with europium cryptate) were added. After 60 min at
room temperature, the fluorescence transfer was measured
at Aex=337 nm and Aem=620 and 665 nm using a microplate
reader (EnVision® , Perkin Elmer). The cAMP concentration was
determined by dividing the signal measured at 665 nm by that
measured at 620 nm (ratio). The results are expressed as a percent
inhibition of the control response to 10 nM WIN 55212-2. The
standard reference antagonist is AM 630, which is tested in each
experiment at several concentrations to generate a concentration-

response curve from which its IC,  value was calculated.

Subsequently, five different combinations of PEA, Sichuan
peppet, Acmella oleracea, cruciferous vegetable extract blend, and
bovine colostrum filtrate were tested for additive or synergistic
effects on CB, receptor binding. All compounds and their
combinations were tested at 20.0 pg/ml for both agonist and
antagonistic effects on CB, receptors using the same methods

above.

In each experiment and if applicable, the respective reference
compound was tested concurrently with the test compounds,

and the data were compared with historical values determined
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at Eurofins. The experiment was carried out in accordance with

Eurofins validated Standard Operating Procedures.
The results are expressed as a percent of control agonist response

or inverse agonist response:

(measured respanse — background response) 100
*

(control response — background response)
And as a percent inhibition of control agonist response:

(measuréd respgmse — background response)

100 * 100

(control response — background response)

Obtained in the presence of the test compounds.

The EC,, values (concentration producing a half-maximal
response) and IC, values (concentration causing a half-maximal
inhibition of the control agonist response) were determined
by non-linear regression analysis of the concentration-response
curves generated with mean replicate values using Hill equation

curve fitting:

P L

- c \H
1+ (C_sn)
Where, Y=response, A=left asymptote of the curve, D=right
asymptote of the curve, C=compound concentration, and
C,=EC, orIC

5o and nH=slope factor.

This analysis was performed using software developed at Cerep
(Hill software) and validated by comparison with data generated
by the commercial software SigmaPlot® 4.0 for Windows® (©
1997 by SPSS Inc.).

For the antagonists, the apparent dissociation constants (KB)

were calculated using the modified Cheng Prusoff equation:

ICsy
Ke 1+
EC504

Where, A=concentration of reference agonist in the assay, and

EC, ,=EC,, value of the reference agonist.

Results showing stimulation or an inhibition higher than 50%
are considered to have strong effect, whereas stimulation or
an inhibition between 25% and 50% are indicative of weak to
moderate effects. Results showing stimulation or an inhibition
lower than 25% are not considered significant and mostly
attributable to variability of the signal around the control level.
These ranges and cutoffs were selected largely due to conclusions

drawn from two distinct pharmacological papers [30,31].
RESULTS

For the agonist assay, the individual ingredients with a strong
stimulation effect for CB; receptor binding were Acmella oleracea
(78.5%), cruciferous vegetable blend (59.1%), and two of the
market brand CBD oils (52.5%, 50.5%) (Figure 2). The only
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compound with a weak to moderate effect was Sichuan pepper
(25.9%). The copaiba essential oil showed a strong inverse agonist
effect (-125.7%). This test was primarily enacted as a means of
screening individual ingredients with potential for CB, receptor
binding in a multi-ingredient formula. However, relatively small
standard error values with only having duplicate measurements

add confidence to the results of binding effects.

Figure 2: Histogram for mean CB, agonist effect (n=2) of
individual ingredients and CBD oils. Cellular agonist effect
of each tested sample was calculated as a % of the control
response (100 nM WIN 55212-2 cannabinoid receptor agonist).
Results showing stimulation or an inhibition higher than 50%
are considered to have strong effect, whereas stimulation or
an inhibition between 25% and 50% are indicative of weak to

moderate effects. Less than 25% is considered to have no effect.

OPEN aACCESS Freely available online

From the antagonist assay measured by percent inhibition of
control agonist response, none of the individual ingredients
or CBD oils showed significant, moderate or weak effects as

antagonists for CB, receptor binding (Figure 3).

Figure 3: Histogram for mean CB, antagonist effect (n=2) of
individual ingredients and CBD oils. Cellular antagonist effect
was calculated as a % inhibition of the 3 nM WIN 55212-
2 response in each well. Results showing a stimulation or an
inhibition higher than 50% are considered to have strong effect,
whereas a stimulation or an inhibition between 25% and 50%
are indicative of weak to moderate effects. Less than 25% is

considered to have no effect.

The specific percentage combinations of individual ingredients
that were tested are found in Table 1. The ingredient formulas

were developed based on results from the agonist data in Figure 2.

Table 1: Individual ingredient percentage ranges in different formulas that were tested for CB, agonist and antagonist effects. Ingredient

ranges in red denote a decrease from the base formula, green denote an increase from the base formula. Specific blends are proprietary,

but general CB, binding activity changes can be understood based on increase or decrease of specific compounds in the formulas.

Bovi
Copaiba Palmitoyl- Sichuan pepper  Acmella oleracea Cruciferous ovine
NP . colostrum
essential oil ethanolamide extract extract extract blend )
filtrate
Base Formula 20%-25% 35%-40% 10%-15% 10%-15% 5%-10% 10%-15%
Formula 2 0%-5% 45%-50% 15%-20% 15%-20% 5%-10% 15%-20%
Formula 3 0%-5% 50%-55% 15%-20% 15%-20% 5%-10% 0%-5%
Formula 4 20%-25% 30%-35% 10%-15% 20%-25% 10%-15% 10%-15%
Formula 5 10%-15% 35%-40% 5%-10% 20%-25% 10%-15% 10%-15%
Formula 6 45%-50% 0%-5% 0%-5% 50%-55% 0%-5% 0%-5%

Figure 4 shows the ingredient formulas with a significant
stimulation effect as agonists for CB, receptor binding. The
blend with the highest percent of control agonist response was
Formula 2 (62.9%). This blend contained PEA, Sichuan pepper

extract, Acmella oleracea extract, the blend of cruciferous extracts

J Nutr Food Sci, Vol. 11 Iss. 5 No: 803

and bovine colostrum filtrate. The blend containing all six of
the ingredients featured in Table 1 with the highest percent of
control agonist response was Formula 5 (56.7%). There were no

strong antagonistic effects of the formulas (Figure 5).
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Figure 4: Histogram for mean CB; agonist effect (n=2) of
ingredient formulas and CBD oils. Cellular agonist effect of each
tested sample was calculated as a % of the control response (100
nM WIN 55212-2 cannabinoid receptor agonist). Results showing
stimulation or an inhibition higher than 50% are considered to
have strong effect, whereas stimulation or an inhibition between
25% and 50% are indicative of weak to moderate effects. Less

than 25% is considered to have no effect.

Figure 5: Histogram for mean CB, antagonist effect (n=2) of
ingredient formulas and CBD oils. Cellular antagonist effect was
calculated as a % inhibition of the 3 nM WIN 55212-2 response
in each well. Results showing stimulation or an inhibition higher
than 50% are considered to have strong effect, whereas stimulation
or an inhibition between 25% and 50% are indicative of weak to

moderate effects. Less than 25% is considered to have no effect.

Formula 5 had a reported EC, of 13.2 ug/ml on CB, expressed
CHO cell lines, while its EC,, on non-expressed cell line was >100
ug/ml. This data supported the hypothesis that receptor activity
was driven primarily through CB, receptors. Test measuring
the agonist response towards CB; receptors for Formula 5 did
show some activity, like that of the CBD reference standard.
This response is majorly attributed to the Acmella oleracea extract
present in Formula 5 due to evidence from earlier studies on CB,

receptor binding of individual phytocannabinoid ingredients.
DISCUSSION

Previous studies showed that several of the tested nutraceutical
ingredients and compounds had an affinity for CB, receptor
binding [11-22]. One study suggested a significant CB, binding
effect for PEA [32]. However, additional studies conclude there
is no direct binding between CB, receptors and PEA but that
certain effects of PEA mediated by CB, receptors may be present
[33,34]. The results of our study support the conclusion that
direct PEA binding to CB, receptors is not significant in vitro at

J Nutr Food Sci, Vol. 11 Iss. 5 No: 803
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the tested concentration.

Acmella oleracea or electric daisy has been found to have CB,
binding potential and be effective both orally and topically
due to the specific alkylamide it contains called spilanthol,
also known as affinin [35]. A study conducted by Gertsch et al.
tested the potential of CB, receptor binding of various sources of
N-alkylamides, including Acmella oleracea [21]. A. oleracea extracts
did not have the highest binding affinity in their experiments,
though it did show some affinity, as we found in our experiments.
The A. oleracea used in our study was standardized to 20%
spilanthol, the primary alkylamide present in this botanical.
Difference in binding affinity between the two studies may be

due to alkylamide concentration in the extracts.

Perhaps one of the more interesting points of discussion is the
potent inverse agonist effect shown by the copaiba essential
oil. The active cannabinoid constituent in copaiba is beta-
caryophyllene [36). The copaiba oil in our study contained
“50% beta-caryophyllene. In a mouse study by Bahi et al., beta-
caryophyllene was identified as a CB, receptor agonist and shown
to have positive behavioral effects on the mice in this model
[37]. Another study supported beta-caryophyllene as a dietary
cannabinoid showing that it was more potent than a high-affinity
CB;, receptorselective agonist [15]. The effect shown by the
copaiba oil in our study strongly suggests that copaiba oil is an
inverse agonist which differs from data on beta-caryophyllene in
other studies in that beta-caryophyllene is a direct agonist [37,38].
Inverse agonists bind to the CB, receptors but induce a response
opposite of that of the agonists. Antagonists, on the other hand,
differ from inverse agonists because antagonists simply bind to
receptors, preventing the binding of agonists without eliciting an
opposing response. Our findings support beta-caryophyllene as
having an affinity for CB, receptors, but by causing a response

which was different than an agonistic response.

The blend of cruciferous vegetable extracts had a strong
CB; receptor agonist binding effect. The cruciferous extract
blend contains a minimum of 42% 3,3-diindoylmethane,
indole-3-carbinol, and ascorbigen combined, with the major
constituent being 3,3“-diindoylmethane. In a study by Yin et
al., 3,3"diindolylmethane was determined to be a CB, receptor
partial agonist [23]. This result supports our data concerning
the cruciferous vegetable blend. Differences in the strength of
the agonist behavior could be due to the additional presence of
the indole-3-carbinol and ascorbigen in our cruciferous extract,
whereas the compound tested in the Yin et al. study was pure

3,3"diindoylmethane.

Sichuan pepper extract, from the plant genus Zanthoxylum, have
been studied for interactions with both CB, and CB, receptors
[39]. Sichuan peppers contain components called sanshools which
have been isolated as promising compounds that interact with
CB; receptors [40]. Results from our study found no significant

agonist effect of Sichuan pepper extract on CB, receptor binding.
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Concentration and purity of the sanshools in the extracts of
these peppers may vary, which could have a significant impact on

their CB, receptor binding result.

Bovine colostrum filtrate, to our knowledge, has not been
previously tested as a CB, receptor agonist. It was included in this
study due to its known effects on the immune system, and we
hypothesized that it may act through the CB, receptor. There was
no significantagonist effect in our experiments. The lack of activity
for this extract could be related to the highly complex nature of
the mixture, which is comprised of immuno-modulatory proteins
and peptides, carbohydrates, oligosaccharides, fats, vitamins and
minerals [41]. Moreover, the ultrafiltration process of the raw
colostrum, where the lipid-rich portion that presumably contains
CB,-active components is removed from the starting material,

most likely reduces the presence of endocannabinoids.

Results for each ingredient were used to formulate combinations
that might produce additive or synergistic effects on the CB,
receptor. A base formula was established and then modified
to evaluate the impact of decreasing and increasing individual
ingredients. For instance, the relative amount of copaiba essential
oil was generally decreased across most of the formulas owing to
its strong inverse agonist effect. Conversely, the relative amount
of Acmella oleracea extract was generally increased across the
formulas due to its strong agonist activity. The other ingredients
were adjusted up or down to optimize activity. As expected, the
formulas with less copaiba essential oil, more Acmella oleracea
extract, and more of the other ingredients yielded a stronger
agonist effect compared to the base formula. No synergistic effects

were observed in any of the formula combinations.

Results for marketed CBD oil products were consistent across the
two sets of experiments, giving confidence in the reproducibility
of the CB, assays. Compared to one another, however they
demonstrated a large disparity in CB, agonist activity. Two of
the marketed products had significant agonist effect percent
response, while one brand had almost no measurable effect.
Though CBD oils are marketed similarly, the concentration
of CBD and the presence of CBD-like compounds may vary
widely and is not always consistent with what is claimed on the
label [42]. Our results were consistent with the degree of CBD
standardization; that is, the two products that were standardized
to a higher concentration of CBD had greater responses, where
the lower concentration did not [43]. Pure CBD has been shown
to display inverse agonism towards the human CB, receptor,
which is consistent with the purified CBD reference material in

these experiments [44].
CONCLUSION

This study is the first to measure the CB, receptor binding affinity
of various individual ingredients, CBD oils, and ingredient mixes
at the same time using a similar metric in vitro. Because of the
format of the study, active comparisons of ingredient CB, binding

affinity was possible, as well as binding effects of combinations of
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several of these ingredients.

CB, receptor binding was highest in Acmella oleracea extract. Other
ingredients that showed significant CB, binding affinity were a
blend of cruciferous vegetable extracts and two commercial CBD
oil products. Copaiba essential oil showed a strong inverse agonist
effect, which requires further investigation. The combination of
PEA, Sichuan pepper extract, Acmella oleracea extract, cruciferous
vegetable extract blend, and bovine colostrum filtrate had the
highest agonistic effect, though the affinity was still lower than

that of the Acmella oleracea alone.

Several of the phytocannabinoid ingredient combinations
were shown to be as effective, if not more, than several leading
brand CBD oils. This suggests that therapeutic benefits, such as
positive physical and emotional support, may also be provided
by these phytocannabinoid ingredients and formulas. Additional
studies in vivo are necessary to substantiate any effects that these

compounds may have on the human endocannabinoid system.
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