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applied to sites previously unexposed to the 
study material. The patches were removed by 
subjects after 24 hr and the sites graded after 
additional 24-hr and 48-hr periods. Following 
a negative induction, a 48/72-hr sequence of 
“-/+,” “?/+,” or “+/+” resulted in an additional 
reading performed at the 96-hr interval. 
Rechallenging was performed whenever there 
was evidence of possible sensitization. Full 
details of the study and additional safety data 
are available upon request. 

Results
Anti-inflammatory activity of CBG: CBG, 

CBD and other cannabinoids have previously 
been reported, in several different models, to 
reduce inflammatory responses—a bioactivity 
that is valuable in skin applications and cosmetic 
formulations.7, 8, 11 To validate these observations, 
we assessed whether CBG could suppress the 
release of two biomarkers of inflammation, IL-8 
and PGE2. IL-8 is a proinflammatory cytokine 
produced by keratinocytes to promote neutrophil 

and T-cell infiltration.12 PGE2 is a key 
autocrine and paracrine mediator of the 
inflammatory response that results from 
either intrinsic or extrinsic skin damage.13 

We used a validated in vitro cell culture 
inflammation model with normal human 
epidermal keratinocytes (NHEK), stimulated 
with a protein kinase C activator, phorbol 
12-myristate 13-acetate (PMA), and tested 
CBG, CBD or reference compounds at 
concentration ranges that preserved cell 
viability (data not shown). At concentrations 
of 3 µM, CBG significantly inhibited the 
release of IL-8 from PMA-stimulated 
keratinocytes (see Figure 1). Similar 
inhibition was observed for the reference 
compound staurosporine, a potent, non-
selective kinase inhibitor. In contrast to 
the inhibition noted with CBG, CBD did not 
inhibit the release of IL-8 at either of the 
concentrations tested.

Measuring PGE2 release in similar assays 
howed similar results; treatment with CBG 
inhibited the release of PGE2, much like 
reference compounds indomethacin, a non-
steroidal anti-inflammatory (NSAID), and 
L-ascorbic acid, a well-known inhibitor of 
PGE2 synthesis (see Table 1).14

CBG safety for topical use: To test 
whether CBG or CBD were sensitizers or 
irritants when used topically in humans, we 
performed a repeated insult patch study, 
which can detect weak sensitizers, using 
CBG, CBD or placebo formulated as a 10% 
(w/v) liquid with CCT or 1% cream. As noted, 
of the 126 subjects enrolled in the study, 
103 completed it. Eleven subjects voluntarily 
withdrew from the study and twelve were 
lost to follow-up. 

Under the conditions employed in the 
study and across all study materials tested, 
no adverse events were reported and 
there was no evidence of sensitization. 
Erythema was graded on a scale of 0 to 
3, with a grade of 0 indicating no visible 
erythema, 1 indicating mild erythema (i.e., 
faint pink to definite pink), 2 indicating 
moderate erythema (i.e., definite pink), and 
3 indicating severe erythema (i.e., very 
intense pink). Only a small percentage of 
participants, throughout the induction period, 
were graded as having mild erythema 
across all study materials (see Figure 2). 
Therefore, neither CBG nor CBD in either of 
the formulations tested was found to be an 
irritant or sensitizer, indicating both are safe 
for use in topical applications.  

CBG inhibits the release of IL-8 in PMA-stimulated normal human epidermal keratinocytes (NHEK). 
NHEKs were pre-incubated with the indicated test compounds in 96-well plates then with phorbol 
myristate acetate (PMA) at a concentration of 0.5 μg/mL and test compound for 24 hr. Media 
supernatents were collected and analyzed by ELISA for IL-8. Data represents the mean of three 
technical replicates the standard error of the mean. Data is normalized to an unstimulated control 
(no treatment and no PMA; data not shown) and considered to be 100% relative inhibition.  
***, p < 0.001 compared with untreated control; ns, p > 0.05.

Figure 1. Effects on IL-8 Release

Test Compound Concentration

Relative 
Inhibition
of PGE2 
Release

SEM

Untreated - 0% nc 17%

Indomethacin 1.0 nM > 169%*** 0%

CBG 0.3 μM 86%* 18%

CBG 1.0 μM > 169%*** 0%

CBG 3.0 μM > 159% nc 10%

CBD 0.1 μM 0% ns 13%

CBD 1.0 μM -242%** 22%

L-Ascorbic acid 50.0 μg/mL > 148%** 11%

L-Ascorbic acid 100.0 μg/mL > 160%*** 7%

L-Ascorbic acid 200.0 μg/mL 127%** 17%

CBG inhibits the release of PGE2 in PMA-
stimulated normal human epidermal keratinocytes 
(NHEK). NHEKs were pre-incubated with the 
indicated test compounds in 96-well plates 
then with phorbol myristate acetate (PMA) at a 
concentration of 0.5 μg/mL and test compound 
for 24 hr. Media supernatents were collected and 
analyzed by ELISA for PGE2. Data represents the 
mean of three technical replicates the standard 
error of the mean (SEM). Data is normalized to an 
unstimulated control (no treatment and no PMA; 
data not shown) and considered to be 100% 
relative inhibition. ***, p < 0.001 compared with 
untreated control; **, p = 0.001 to 0.01;  
*, p = 0.01 to 0.05; ns, p > 0.05; nc = not 
calculated. < or > represent values inferior or 
superior to the detection limit of the assay (below 
39.1 or greater than 2500 pg/mL)

Table 1. Effects on PGE2 Release
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Discussion
With misinformation continuing to plague 

the cannabinoid industry, it is important to 
apply precision science to the analysis of new 
cannabinoids such as CBG being vetted for 
the cosmetics or personal care markets. The 
scientific rigor required to commercialize these 
innovative compounds is just starting to be 
applied and enforced by regulatory agencies.

Our work has demonstrated that CBG is 
a robust and safe bioactive, demonstrating 
significant anti-inflammatory activity in vitro. 
Additionally, we investigated other reported 
bioactivities of CBG but found no evidence of 
antioxidant activity (data not shown). Additional 
follow-up in vitro and independent in vivo 
studies are planned—for both CBG and other 
rare cannabinoids—to further validate these 
results and identify new bioactivities that may be 
attractive to consumers and formulators. Thus 
far, the bioactivities reported here and elsewhere 
are distinct from those that have been reported 
for CBD, demonstrating that the two have 
pharmacologically distinct profiles.

As we continue to learn more about CBG, our 
sustainable and high-quality production process 
empowers researchers and formulators with 
a reliable and nature-identical source of CBG, 
enabling them to incorporate this exciting new 
compound into unprecedented formulations. 

Conclusion
The studies reported here and by others 

advance our collective validation and 
understanding of the safety and bioactivity of rare 
cannabinoids. With the current consumer demand 
for cannabinoids and high-quality sustainable 
bioactives, CBG is a welcome addition to a stable 
of cosmetics and personal care ingredients. Taken 
together, CBG is positioned to impact skin care for 
the better, delivering novel, safe and efficacious 
formulations for clean beauty, built on a reliable 
and credible foundation of scientific evidence. 

For additional information, contact 
David Delguerci at ddelguercio@demetrix.com
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Elicited Responses for All Subjects (n = 109)

Formulation 0 1 2 3

10% (w/v) CBG in CCT 95.4% 4.6% 0.0% 0.0%

10% (w/v) CBD in CCT 97.2% 2.8% 0.0% 0.0%

1% CBG cream 94.5% 5.5% 0.0% 0.0%

1% CBD cream 97.2% 2.8% 0.0% 0.0%

Placebo cream 95.4% 4.6% 0.0% 0.0%

CBG did not cause minimal erythema in human volunteers. Human volunteers underwent 9 applications 
of study materials during the induction phase of the trial where they were graded for erythema using the 
following scale: 0 = No visible erythema; 1 = Mild erythema (faint pink to definite pink); 2 = Moderate 
erythema (definite redness); 3 = Severe erythema (very intense redness).

Figure 2. Maximum Elicited Response During Induction
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Into

C
annabinoids are an emerging 
class of compounds that are 
being used broadly across many 
different industries, including 
medicine. For instance, the 
first pharmaceutical-grade, 
non-psychoactive, cannabidiol 

(CBD)-containing drug was FDA-approved in 
2018 as a safe and effective treatment for 
pediatric epilepsy.1 

Despite these big advances, the CBD and 
cannabinoid industry has suffered from several 
widespread issues, reducing the potentially 
positive impact of cannabinoids in several 
global industries. For years, CBD has been a 
much sought-after ingredient in cosmetics and 
personal care products, nutritional supplements 
and tinctures. Yet, many of these goods have 
been marketed with reckless abandon, attached 
to numerous false health claims and touted as a 
panacea for many conditions including cancer, 
heart disease, Alzheimer’s disease and even 
COVID-19. 

These claims have little to no basis in the 
peer-reviewed scientific literature and, as a 
result, regulatory bodies including the Federal 
Trade Commission (FTC) and U.S. Food and 
Drug Administration (FDA), have begun to crack 
down.2, 3 Years of misinformation have done 
significant damage to cannabinoids as a whole, 
casting them in a difficult light and making it 
technically challenging and time-consuming for 

consumers and experts alike to track down the 
solid science and separate it from the snake oil.

Quality has been an additional concern. 
Many cannabinoid formulations containing 
CBD extracted from the Cannabis sativa 
plant are contaminated with THC, heavy 
metals and insecticides.4-6 Scalable access 
remains a supplementary issue: There are rare 
cannabinoids—including cannabigerolic acid 
(CBGA), cannabidiolic acid (CBDA), cannabinol 
(CBN) and others—present at such low 
concentrations in C. sativa, that sourcing them 
for in-depth scientific studies or commercial 
production from the plant is cost-prohibitive, 
reliant on unsustainable fossil fuels and plagued 
by contaminants.

Biotechnology and biomanufacturing processes 
like yeast-based fermentation are fixing many 
of these concerns, spring-boarding new 
cannabinoids into the spotlight and enabling—for 
the first time—rigorous scientific study and 
commercialization opportunities. Biomanufacturing 
is capable of producing nature-identical 
cannabinoids, even rare ones, in a scalable way, 
without the contaminants or the environmental 
footprint of conventional C. sativa cultivation.

So, which cannabinoid is up next for 
commercialization? Many hold promise, but CBG 
has emerged as one of the most encouraging 
candidates for further research and use in 
cosmetics or personal care formulations.7 As 
with CBD, many bioactivities have been attached 
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KEY POINTS

• Rare cannabinoids such as 
cannabigerol (CBG) hold 
significant promise and 
big benefits for cosmetics, 
formulators and consumers 
but a lack of rigorous 
scientific study and other 
barriers to market have 
limited their potential.

• The present investigation 
is a rigorous scientific 
exploration of previously 
reported bioactivities of 
CBG and validates that the 
ingredient is a strong anti-
inflammatory.
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• Furthermore, as shown 
here, in a sensitization and 
irritation study with human 
volunteers, CBG caused no 
adverse reactions, indicating 
its safety for topical use.

• Taken together, CBG is a 
safe bioactive, backed by 
a scalable and sustainable 
biomanufacturing process, 
making it an attractive 
cannabinoid for novel 
cosmetic formulations. 
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to CBG, including anti-
inflammatory, antioxidant 
and antimicrobial 
properties, but without 
much follow-up 
or repetition.8-10

To separate fact 
from fiction, we’ve 
investigated the unique 
bioactivities and safety of CBG 
using validated and reproducible assays. 
We’ve assessed a number of bioactivities 
previously reported in the literature using in 
vitro human keratinocytes or fibroblast cultures; 
and safety, in a sensitization and irritability 
study with human volunteers. Our production 
process provides a high-quality, reliable, scalable, 
sustainable and nature-identical source of CBG 
for cosmetic formulators and our research reveals 
that CBG is a potent anti-inflammatory that’s safe 
for topical use in humans.

Materials and Methods
IL-8 and PGE2 release in human 

keratinocytes: Human epidermal keratinocytes 
were seeded in 96-well plates and cultured 
for 24 hr in culture medium. The medium was 
then replaced by assay medium containing 
test compounds and pre-incubated for 24 hr. 
Following pre-incubation, the assay medium 
was removed and replaced with assay medium 
containing the relevant test compound 
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Light

and phorbol myristate acetate (PMA) at a 
concentration of 0.5 µg/mL. Cells were incubated 
for 24 hr. In parallel, incubations with no test 
compound (as a negative control), no PMA (as 
a non-stimulated control), or with reference 
compounds (1nM staurosporine for IL-8 release 
assays or 1 µM indomethacin for PGE2 release 
assays) were performed. Following incubations, 
culture supernatants were collected and IL-8 or 
PGE2 were independently quantified by ELISA 
using the Human IL-8/CXCL8 DuoSet Kit (R&D 
Systems, Ref. DY208) or PGE2 Kit (Enzo, Ref. 
ADI-900-001), respectively. Experiments were 
replicated in triplicate and ELISAs were performed 
according to the manufacturer’s instructions. 

Human sensitization and irritation trial:  A 
repeated insult patch evaluation was designed 
to detect weak sensitizers or irritant reactions 
to five study materials: 10% CBG in caprylic/
capric triglyceride (CCT), 10% CBD in CCT, 1% 

CBG in cream 
formulation, 

1% CBD in cream 
formulation, and placebo 

in cream formulation. One 
hundred twenty-six subjects between 19 and 70 
years of age were enrolled in the study according 
to the inclusion and exclusion criteria (available 
upon request);103 completed the study. 

Briefly, subjects participated in the study over 
six weeks involving three phases: 1) induction, 
2) rest and 3) challenge. The induction phase 
consisted of nine applications of the study 
material—on Mondays, Wednesdays and Fridays 
for three consecutive weeks—and subsequent 
evaluations of the patch sites. The subjects were 
required to remove the patches approximately 
24 hr after application. They returned for 
evaluation at 48-hr intervals (patches applied on 
Fridays were evaluated 72 hr later) and identical 
patches were applied to the same sites. Following 
the ninth evaluation, the subjects were dismissed 
for a rest period of approximately 10-15 days. 

The challenge phase was initiated during the 
sixth week of the study. Identical patches were 

im
ag

e 
co

ur
te

sy
 o

f D
em

et
rix

CT2204_Cover_Sponsor_Advertorial_fcx.indd   35CT2204_Cover_Sponsor_Advertorial_fcx.indd   35 3/23/22   10:25 AM3/23/22   10:25 AM


