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Abstract

Cannabis sativa yields a wide range of bioactive compounds, including terpenes, flavonoids, and cannabinoids.
Tetrahydrocannabinolic acid (THCA), cannabidiolic acid (CBDA), cannabigerolic acid (CBGA), and cannabichromenic
acid (CBCA) are the acidic biosynthetic precursors of the neutral cannabinoids A9-tetrahydrocannabinol (THC)

and cannabidiol (CBD), which have been the subject of much research. This review examines the biosynthesis,
decarboxylation, molecular pharmacology, and therapeutic significance of acidic cannabinoids, intending to
address a significant knowledge gap. Peer-reviewed literature from major scientific databases was used in a
systematic narrative review with an emphasis on investigations of acidic cannabinoid chemistry, pharmacology,
pharmacokinetics, and disease-specific applications. According to the reviewed data, acidic cannabinoids exhibit
unique biological activities that distinguish them from their neutral counterparts. These include neuroprotective,
anti-inflammatory, anticonvulsant, and anti-proliferative actions, which are mediated by molecular targets such as
serotonin 5-HT1A receptors, cyclooxygenase-2 (COX-2), transient receptor potential (TRP) channels, and peroxisome
proliferator-activated receptor-y (PPARy). Acidic cannabinoids are more appealing for therapeutic usage in children
and the elderly, considering that they are not intoxicating like THC; however, this distinction applies primarily to
non-heated consumption. Chemical instability, low bioavailability, and a dearth of controlled human trials impede
clinical translation despite their potential. According to the findings, acidic cannabinoids are an underutilized

yet potentially valuable class of precision medicines. In this study, we outline existing understanding on acidic
cannabinoids, discuss their production and transformation, and identify research needs that could influence
cannabis science research.
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Introduction

Comprised of endogenous ligands, cannabinoid recep-
tors, and enzymes for their synthesis and breakdown,
the endocannabinoid system (ECS) is a crucial regulator
of neuronal activity, network function, and immunologi-
cal responses. CB1 receptors, predominantly located in
the central nervous system, mediate effects on cognition,
memory, pain perception, and motor control, while CB2
receptors, mainly found on immune cells and microglia,
regulate inflammatory processes (Gamage and Lichtman
2012). The principal endocannabinoids—2-arachidon-
oylglycerol (2-AG) and anandamide (AEA)—are synthe-
sized from membrane phospholipids via phospholipase
C (PLC), diacylglycerol lipase (DAGL), and other spe-
cialized enzymes, and are inactivated by fatty acid amide
hydrolase (FAAH) or monoacylglycerol lipase (MAGL).
Phytocannabinoids from Cannabis sativa modulates this
system, with A9-tetrahydrocannabinol (THC) acting as a
potent CB1 and CB2 agonist responsible for psychoactive
and psychotomimetic effects (D'Souza et al. 2008), while
cannabidiol (CBD) primarily targets serotonin 5-HT1A
receptors, Transient Receptor Potential Vanilloid 1
(TRPV1), and GPR55, exerting anti-inflammatory, anxio-
lytic, and antiepileptic properties (Burstein 2015; De Pet-
rocellis and Di Marzo 2010).

CB1 receptors are found in the frontal cortex and spinal
cord, among other parts of the central nervous system,
and CB2 receptors are found primarily in the immune
system and peripheral tissues, where they are mark-
edly upregulated in response to pathological conditions
(Chayasirisobhon 2020). While both AEA and 2-AG have
a high propensity for binding to the CB1 and CB2 recep-
tors, AEA has the highest affinity. As a result, membrane
phospholipid precursors are cleaved in response to physi-
ological or pathological stimuli, these endocannabinoids
are synthesized and released quickly, demonstrating their
function in "on-demand" signaling (Chayasirisobhon
2020). The G protein—coupled CB1 and CB2 receptors
are targets of this cannabinoids, with CBD possibly func-
tioning as a partial agonist at the CB2 receptor (Castillo-
Arellano et al. 2023). CBD may reduce symptoms such
as pain, inflammation, oxidative stress, and degeneration
of neuronal excitability through its interaction with the
endocannabinoid system (ECS) (Castillo-Arellano et al.
2023; Martinez Naya, et al. 2023). It could additionally
preserve glial cell homeostasis and prevent the advance-
ment of cancer and neurodegenerative diseases. When
10 mg of CBD is administered, the highest plasma con-
centration of approximately 3 pg/L is reached after about
2.8 h, despite its low affinity for cannabinoid receptors
at clinical dosages (Castillo-Arellano et al. 2023). There
is considerable ambiguity about the role of CB receptor
activity in the anticonvulsant effects of CBD, given that
it may function as a negative allosteric modulator at the
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CBI receptor. The antiseizure effects of CBD have also
been attributed to its antagonistic effects on transient
receptor potential cation channels, including TRPA1
and TRPV1-4, as well as orphan G-protein receptors like
GPR18 and GPR55. Additionally, CBD is an antagonist of
the p and § opioid receptors and an inverse agonist of the
GPR3, GPR6, and GPR12 receptors. Its control of intra-
cellular calcium (Ca2+) levels by blocking T-type volt-
age-gated calcium channels and antagonizing GPR55, as
well as its function as a full agonist at vanilloid channels
TRPA1 and TRPV1-4, is probably primarily responsible
for its antiseizure efficacy (Borowicz-Reutt et al. 2024).

While most research has focused on neutral canna-
binoids such as THC and CBD, increasing attention is
being given to their non-psychoactive acidic precursors—
tetrahydrocannabinolic acid (THCA), cannabidiolic acid
(CBDA), and cannabigerolic acid (CBGA). These com-
pounds, synthesized from CBGA via THCA synthase and
CBDA synthase, display unique pharmacological actions,
including cyclooxygenase-2 (COX-2) inhibition, peroxi-
some proliferator-activated receptor gamma (PPARYy)
activation, transient receptor potential (TRP) channel
modulation, and serotonin 5-HT1A receptor activity (Li
et al. 2024; Russo 2011). Preclinical studies suggest that
CBDA and THCA possess anti-inflammatory, anticon-
vulsant, neuroprotective, anti-nausea, and anti-cancer
properties without the intoxicating effects of THC, mak-
ing them promising candidates for long-term therapy in
both pediatric and geriatric populations. However, chal-
lenges such as chemical instability, limited bioavailabil-
ity, and a scarcity of clinical trials currently restrict their
integration into mainstream medicine, underscoring the
need for further pharmacological, clinical, and formula-
tion research. Table 1 shows an analysis of major phyto-
cannabinoids, including THC, CBD, CBG, CBN, CBDA,
CBGA, and THCA. It outlines their molecular targets,
relevance to pathological conditions, and pharmacologi-
cal actions. These data are designed to support transla-
tional research, therapeutic development, and clinical
applications of cannabinoid-based medicine. The pres-
ent reviews explores the existing understanding on acidic
cannabinoids, discusses their transformation, and identi-
fies the research needs that could influence cannabis sci-
ence research.

Methods

This review adopted a narrative and integrative litera-
ture review approach to synthesize current findings on
the pharmacology, biosynthesis, and therapeutic poten-
tial of acidic cannabinoids—specifically THCA, CBDA,
and CBGA—in disease contexts such as cancer, pain,
epilepsy, and neurodegenerative disorders. The primary
goal of this study was to critically analyze and compile
recent data on the molecular mechanisms, receptor
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Table 1 Major Phytocannabinoids, their molecular targets, pathological conditions affected, and pharmacological effects

Cannabinoid  Primary Associated Diseases  Therapeutic Effects Known Inhibitors/Modifiers  References
Receptors
THC CB1,CB2 Chronic pain, nausea, Analgesic, anti-nausea, Rimonabant (CB1 inverse D'Souza et al. 2008; Meanti
PTSD, multiple sclerosis  appetite stimulation, agonist) etal. 2025; Haney et al.
psychotomimetic 2023)
CBD 5-HT1A, TRPV1,  Epilepsy, anxiety, Anxiolytic, anti-inflamma-  Capsazepine (TRPV1 Storozhuk 2023; Kovalchuk
GPR55 inflammation, tory, antipsychotic antagonist) and Kovalchuk 2020)
schizophrenia
CBN CB2 (weak), Sleep disorders, pain, Sedative, analgesic, HC-030031 (TRPAT inhibitor) Kovalchuk and Kovalchuk
TRPA1 glaucoma anti-inflammatory 2020; Khouchlaa et al. 2024)
CBG CB1 (partial), IBD, neurodegenera- Anti-inflammatory, neuro-  AM251 (CB1 antagonist), Kovalchuk and Kovalchuk
a2-adrenergic,  tion, bacterial infections  protective, antibacterial Yohimbine (a2-antagonist) 2020; Krzyzewska et al.
TRPM8 2025)
CBDA COX-2, TRPV1 Breast cancer, inflam- Anti-proliferative, Celecoxib (COX-2 inhibitor) Takeda et al. 2008; Ander-
mation, nausea anti-inflammatory son et al. 2019)
CBGA PPARyY, TRPAT,  Alzheimer's disease, Neuroprotective, GW9662 (PPARY antagonist) Kovalchuk and Kovalchuk
TRPV1 oxidative stress, neuro-  antioxidant, anti-inflam- ~ TRPM7 2020; Tusl 1972; Nadal et al.
inflammation, AKI matory, antitumoral, 2017; Navarro et al. 2018;
appetite-stimulating Suzuki et al. 2023)
CBCA CB1, CB2, N/A Antibacterial, anti-seizure  N/A Khouchlaa et al. 2024;
TRPA1, TRPV1, Sepulveda et al. 2024;
5-HT3, Glycine, Lacerda et al. 2025)
Glycine a2
THCA CB1 (inactive),  Prostate cancer, Anti-inflammatory, NS-398 (COX-2 inhibitor) Khouchlaa et al. 2024; An-
COX-2, TRPA1 inflammation anti-proliferative derson et al. 2019; Nadal et

al. 2017; Palomares 2023)

interactions, and pharmacokinetics of these acidic can-
nabinoids, to identify research gaps and translational
obstacles. Systematic searches of electronic databases,
including PubMed, ScienceDirect, Scopus, and Google
Scholar, were conducted to identify relevant studies. Data
were compared across computational, in vitro, and in
vivo models whenever feasible. Pharmacology, biosynthe-
sis, neuroprotection, anti-inflammatory, and anti-cancer
pathways were used to categorize the studies.

Biosynthesis and decarboxylation of acidic cannabinoids

The molecular level of cannabinoids biosynthesis is
still under investigation. They share a common initial
pathway, involving tetraketide synthase (TKS), a type
II polyketide synthase. The process involves sequen-
tial condensation of hexanoyl-CoA with malonyl-CoA,
resulting in 3,5,7-trioxododecaneoyl-CoA. This is then
cyclized and aromatized by olivetolic acid cyclase (OAC)
to olivetolic acid (OLA) (Tahir et al. 2021). The biosyn-
thesis of acidic cannabinoids in Cannabis sativa begins
in the glandular trichomes and follows a highly coordi-
nated interaction between the polyketide pathway and
the methylerythritol phosphate (MEP) pathway (Tahir
et al. 2021). In the polyketide pathway, fatty acid metab-
olism produces hexanoyl-CoA, which is condensed
with three molecules of malonyl-CoA by the type III
polyketide synthase tetraketide synthase (TKS) to form
a tetraketide intermediate. This unstable intermedi-
ate is then cyclized and aromatized by OAC into OLA,

a resorcinolic compound that forms the aromatic core
of cannabinoids (Tahir et al. 2021; Gagne et al. 2012). In
parallel, the MEP pathway—localized in plastids—gener-
ates geranyl pyrophosphate (GPP) via geranyl pyrophos-
phate synthase (GPPS). The convergence of these two
pathways occurs through a prenylation reaction cata-
lyzed by geranyl olivetolate transferase (GOT), also
called CBGA synthase, where GPP is transferred to OLA
to form CBGA (Gulck and Moller 2020). CBGA is widely
referred to as the “mother cannabinoid” because it serves
as the central biochemical precursor for THCA, CBDA,
and cannabichromenic acid (CBCA). These conver-
sions are mediated by FAD-dependent oxidocyclase
enzymes—THCA synthase, CBDA synthase, and CBCA
synthase—whose expression patterns vary by plant gen-
otype, environmental factors, and developmental stage
(Tahir et al. 2021; Flores-Sanchez and Verpoorte 2008).
The biosynthesis of CBDA, THCA, and CBCA are shown
in Fig. 1.

The decarboxylation of acidic cannabinoids is a non-
enzymatic thermal process in which the carboxyl group
(—~COOH) is cleaved as carbon dioxide (CO,), yielding
neutral cannabinoids with enhanced pharmacological
activity. For example, THCA decarboxylates to psycho-
active THC, CBDA to CBD, and CBGA to CBG (Wang
et al. 2016). Decarboxylation can also occur slowly at
ambient temperature under prolonged storage, although
heat is the dominant driver during processing methods
such as smoking, vaping, and baking (Tahir et al. 2021).
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Fig. 1 lllustrates the biosynthesis of CBDA, THCA, and CBCA

The reaction is temperature- and time-dependent: opti-
mal conversion for THCA typically occurs between
105-145°Cover several minutes, while excessive heat-
ing accelerates oxidative degradation to byproducts such
as cannabinol (CBN). CBDA and CBGA exhibit similar
thermal behavior but with subtle differences in activa-
tion energies, which may influence their ideal process-
ing parameters (Perrotin-Brunel et al. 2010). Kinetically,
THCA decarboxylation has been modeled as an acid-cat-
alyzed, pseudo—first-order reaction involving keto—enol
tautomerization before CO, release (Perrotin-Brunel et
al. 2010). Analytical advances, particularly ultra-high-
performance  supercritical fluid chromatography
(UHPSFC) coupled with photodiode array—mass spec-
trometry, have allowed researchers to monitor acidic and
neutral cannabinoids simultaneously without inducing
artificial decarboxylation during analysis (Wang et al.
2016; Citti et al. 2019).

In Cannabis sativa, the enzyme cannabichromenic-
acid synthase (CBCAs), which is dependent on FAD,
transforms CBGA into the bicyclic structure of CBCA
(Tahir et al. 2021; Thomas and Kayser 2023; Morimoto
et al. 1998). This enzyme was initially identified from
cannabis flowers, confirming its function in the phyto-
cannabinoid pathway in conjunction with THCA- and
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CBDA-synthases (Fulvio et al. 2023). One of the first can-
nabinoids to be created during plant growth is CBCA,
and its levels correspond to the expression of the CBCA¢
gene. Recent bioengineering attempts have concentrated
on improving the performance of CBCAg through logi-
cal protein design and reestablishing the CBCA pathway
in yeast due to limits in its natural function (Tahir et al.
2021; Thomas et al. 2020; Luo et al. 2019; Qi et al. 2025).
These techniques have provided efficient ways to pro-
duce CBCA at research-level scales and enhanced CBCA
yields from glucose-derived sources.

Understanding these biosynthetic and decarboxyl-
ation processes is essential for both pharmaceutical
formulation and industrial cannabis production. In cul-
tivation, optimizing light intensity, temperature, and
nutrient availability can modulate CBGA production
and downstream synthase activity to favor desired can-
nabinoid profiles (Suzuki et al. 2023; Tahir et al. 2021;
Urvashi et al. 2024; Reichel et al. 2022; Park et al. 2022).
In processing, precise decarboxylation protocols can
maximize therapeutic potency while preserving volatile
terpenes and preventing oxidative degradation. Beyond
plant-based production, recent metabolic engineering
approaches have replicated key biosynthetic enzymes
in yeast and bacteria, enabling microbial cannabinoid
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biosynthesis for large-scale production of rare acidic can-
nabinoids without agricultural variability (Flores-Sanchez
and Verpoorte 2008; Thomas et al. 2020; Luo et al. 2019).
As clinical research expands into both neutral and acidic
cannabinoids—given the latter’s unique anti-inflamma-
tory, neuroprotective, and antiemetic properties—refined
control of biosynthesis and decarboxylation will be piv-
otal to unlocking their full therapeutic potential.

Pharmacology of acidic cannabinoids

Even while studies on the medicinal potential of Phy-
tocannabinoid acids are growing, little is known about
these ubiquitous substances' fundamental pharmaco-
dynamic and pharmacokinetic properties. Given their
anti-inflammatory, anti-hyperalgesic, and anxiolytic
properties in animal models, CBDA and THCA may find
extensive use in medicine. THCA seems to be the pri-
mary factor driving the anti-inflammatory properties of
Cannabis sativa extracts in cellular models of inflamma-
tory bowel illness, and they also show antiemetic effects
in rats and shrews (Rock et al. 2013; Nallathambi et al.
2017).

Because they are found in large quantities in artisanal
Cannabis sativa oils used to treat uncontrollable juvenile
epilepsies, CBDA and THCA have been hypothesized to
have anticonvulsant qualities. Too far, however, no study
has reported this molecule's anticonvulsant properties
in the peer-reviewed scientific literature. Finding new
therapeutic uses and determining the best time to dose
for studies using in vivo illness models depend heavily on
collecting and sharing phytocannabinoid acid pharmaco-
kinetic data.

Through enzymatic mechanisms involving CBDA syn-
thase and THCA synthase, respectively, the Cannabis
plant produces both CBDA and THCA. The two main
types of cannabinoids found in raw Cannabis, CBDA
and THCA, are produced by these enzymes from CBGA
(Tahir et al. 2021; Gulck and Moller 2020; Morimoto
et al. 1998). These acidic cannabinoids decarboxylate
when exposed to heat or light, changing into their neu-
tral forms, THC and CBD, which are more extensively
researched for their psychotropic and medicinal prop-
erties. Both CBDA and THCA, in contrast to THC, are
non-psychoactive, which means they do not result in
the "high" that comes with using Cannabis (McPartland
et al. 2015; Pertwee 2008). CBDA may have anti-inflam-
matory qualities because it has been found to inhibit the
inflammatory enzyme COX-2 selectively. Furthermore,
CBDA shows an affinity for serotonin 5-HT1A recep-
tors, which could be a factor in its possible anti-anxiety
and anti-nausea properties (Bolognini et al. 2013). How-
ever, THCA has shown anti-inflammatory and neuropro-
tective qualities, which may be due to its suppression of
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pro-inflammatory enzymes and interaction with PPARy
(Nadal et al. 2017).

According to research on THCA and CBDA's phar-
macokinetics, these substances are quickly absorbed
when taken orally, reaching plasma peak concentrations
(Tmax) in 15 to 45 min (Anderson et al. 2019). How-
ever, under normal circumstances, they appear to have
limited penetration into the central nervous system due
to their low brain-to-plasma ratios and relatively short
half-lives (less than 4 h). Notably, the brain-plasma ratio
of CBDA increases dramatically when taken via a Tween
80-based vehicle, suggesting that formulation strategies
can affect the drug's distribution and bioavailability. The
CBC, CBD, and CBG acidic forms are CBCA, CBDA,
and CBGA, respectively. Compared to their neutral ver-
sions, their pharmacokinetic characteristics and metabo-
lism have received less research attention. Heat is used to
change the acidic forms into their neutral ones, but it is
crucial to know if this happens in vivo. Although CBCA
and CBGA in their decarboxylated forms did not con-
vert in mice, CBD was found in plasma at 0.5% of the
concentration of CBDA after administration, indicating
that CBDA might have been converted to CBD in vivo
(Anderson et al. 2019).

Cannabis sativa's CBCA synthase produces CBCA, an
acidic phytocannabinoid which is understudied. It is the
precursor of cannabichromene (CBC) and has attracted
attention given its effects on ABC (ATP-binding cassette)
transporters, especially as an ABCB1 substrate (Colvin et
al. 2022), which may have impacts on drug bioavailabil-
ity and absorption. The direct effects of CBCA are still
mostly unknown, even though most pharmacological
insights are derived from CBC, which has anti-inflam-
matory, analgesic, and possibly anticonvulsant qualities.
According to plant latitudinal origin, CBCA is often the
third most abundant biogenetic phytocannabinoid in
the Cannabis plant, while it is frequently more numer-
ous than CBDA in tropical specimens (Amaral Silva et
al. 2020). The plant produces CBC (Etchart et al. 2022)
through the non-enzymatic decarboxylation of CBCA,
which is synthesized enzymatically. According to pre-
clinical studies, CBC and CBCA both have promising
therapeutic uses. A mouse model of intractable infantile
epilepsy showed that CBCA was anticonvulsant. Lastly, it
has been observed that CBCA exhibits antibacterial qual-
ities against MRSA, or methicillin-resistant Staphylococ-
cus aureus (Lacerda et al. 2025).

A clinical study on CBCA revealed a high peak plasma
concentration (Cmax=84+14 pg/mL) 30 min after
an intraperitoneal administration of 10 mg/kg. It took
several hours to distribute into brain tissue, reach-
ing tmax at 60 min. In the brain, CBCA had a longer
half-life (t1/2=136 min) than in plasma (Anderson et
al. 2021), which was 35 min. Despite having a lower
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overall drug exposure in brain tissue than in plasma,
CBCA demonstrated a notable amount of brain penetra-
tion (brain—plasma ratio of 0.53). This significant CBCA
brain penetration contrasts with earlier investigations,
in which CBCA was not found in brain tissue after an
intraperitoneal dose of 5 mg/kg. Administering medica-
tions with nonionic surfactants, such as Tween80, has
been shown to increase biomembrane permeability and
change their pharmacokinetic characteristics. Indeed,
the brain-plasma ratio of CBDA in a Tween-based vehi-
cle was about 50 times higher than that in a vegetable oil
vehicle (1.9 and 0.04 respectively). CBCA may possibly
be a substrate because nonionic surfactants have been
demonstrated to block P-glycoprotein (P-gp)-mediated
transport, and many phytocannabinoids are recognized
P-gp substrates (Anderson et al. 2021).

The pharmacokinetic characteristics of CBCA, CBGA,
and CBDA in mice following intraperitoneal injection as
a solution dissolved in a vegetable oil carrier were only
described by Lyndsey et al. (Anderson et al. 2021). With
a tmax of 30 min and a brief half-life of 24 min, CBCA
demonstrated quick absorption. CBCA was not detect-
able in brain tissue. CBGA had a slightly distinct pharma-
cokinetic profile, with a peak in brain concentration that
came before the plasma peak and a slightly longer tmax.
However, compared to plasma, the brain's Cmax and
AUC values were lower. CBDA demonstrated minimal
exposure, slower brain penetration (tmax of 45 min), and
rapid absorption (tmax of 30 min) (Anderson et al. 2019).
The findings imply that acidic cannabinoids delivered in
an oil medium have low brain permeability. Their physi-
ologically pH-negative carboxylic acid component may
be caused by their physiologically pH-negative carboxylic
acid component, which hinders passive blood—brain bar-
rier penetration.

Several variables, including differences in animal spe-
cies, administration routes, and vehicles, were studied
to understand its pharmacokinetic profile. CBDA has
demonstrated more thorough study coverage than other
cannabinoids. There were no appreciable variations in
the Cmax, tmax, and AUC values of the three formula-
tions of CBD and CBDA given orally to dogs, according
to (Schwark and Wakshlag 2023). When two distinct
dosages of CBD and CBDA-rich hemp oil were given to
Macaca fascicularis by Johns T. et al. (2023) the plants
displayed higher concentrations of CBDA than CBD,
confirming its potential as a beneficial cannabinoid in
medicinal settings. Clarifying these metabolic issues will
require additional in vitro and in vivo research (Lacerda
et al. 2025).

Acidic cannabinoids and Alzheimer’s disease
Interlinked pathological pathways drive Alzheimer’s dis-
ease (AD)—Ap and tau protein accumulation, chronic
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neuroinflammation, calcium dyshomeostasis, mito-
chondrial dysfunction, and synaptic failure—highlight-
ing the appeal of therapeutic agents with multi-target
mechanisms. In a mouse model of AD, CBDA and THCA
restored memory deficits, decreased phosphorylated
tau and hippocampus A, and normalized increases of
Ca*™ (D'Souza et al. 2008). This suggests a direct con-
nection between acids and behavioral abnormalities, as
well as amyloid, tau, and calcium dyshomeostasis (Kim
et al. 2023). In addition, an in-silico/in-vitro/in-vivo
study found that CBDA and CBGA are multi-target,
disease-modifying compounds that inhibit acetyl- and
butyryl-cholinesterases (AChE/BuChE), and [-secretase-
1BACE-1 enzymes. These important nodes connect cho-
linergic failure with the production of AP. This suggests
that AD has a genuinely polypharmacologic multi-target
drug-like (MTDL) profile (Vitale et al. 2025). According
to recent preclinical research, CBDA can also repair dis-
ease-linked proteome alterations in APP/PS1 mice and
rescue hippocampal long-term potentiation (LTP), which
speaks to synaptic failure and network restoration (Gil et
al. 2025). Microglial activation, mitochondrial function,
and oxidative stress are all key factors in chronic neu-
roinflammation in AD, and THCA's significant PPARy
agonism has been repeatedly demonstrated to have neu-
roprotective and anti-inflammatory effects, even though
it is not AD-exclusive (Nadal et al. 2017). Cannabinoid
actions on CB2-microglial signaling (neuroinflamma-
tion), modulation of AB/tau pathology, and downstream
effects on synaptic plasticity and cellular stress—the
rationale for multi-target agents in a networked disease
like AD (Li et al. 2023)—are detailed in broader canna-
binoid-in-AD reviews (covering acids within the class) to
help map how these findings span the AB—tau—inflam-
mation—mitochondria—synapse axis. The combination of
the acid-focused mouse and mechanistic studies (CBDA/
THCA affecting AP, p-tau, Ca2+, and memory; CBDA/
CBGA inhibiting AChE/BuChE/BACE-1; CBDA restor-
ing LTP shows that acidic cannabinoids can simultane-
ously engage multiple, interlinked AD pathways, which
is precisely the therapeutic profile that many groups are
looking for.

Acidic cannabinoids—THCA, CBDA, and CBGA—
have emerged as promising, non-psychoactive com-
pounds with such polypharmacological potential. Unlike
THC, THCA shows minimal CB1 receptor binding,
enabling neuroprotective activity without euphoria or
cognitive impairment (McPartland et al. 2017). THCA
is a potent PPARy agonist, attenuating NF-kB—mediated
inflammatory cytokines, enhancing microglial f-amyloid
clearance, and improving mitochondrial function (Nadal
et al. 2017; Sundararajan et al. 2006). Notably, in AD-
like mouse models and complementary neuronal stud-
ies, THCA and CBDA significantly improved cognitive
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performance, reduced hippocampal AB and phosphory-
lated tau levels, and normalized intracellular Ca (D'Souza
et al. 2008)* imbalances, demonstrating potential disease-
modifying effects rather than symptomatic relief (Kim et
al. 2023).

CBGA, the biosynthetic “mother cannabinoid” from
which THCA, CBDA, and CBCA derive, exhibits antioxi-
dant and anti-apoptotic activity, reducing mitochondrial
membrane depolarization and reactive oxygen species
(ROS), both implicated in early synaptic degeneration
in AD (Aso and Ferrer 2014; Wang et al. 2009). It also
modulates TRPV1 and TRPMS ion channels, influencing
calcium homeostasis and neuronal excitability to reduce
excitotoxicity. CBDA acts on serotonin 5-HT1A recep-
tors, potentially improving mood, neuroplasticity, and
behavioral symptoms such as apathy and aggression in
AD, while also inhibiting COX-2 to suppress prostaglan-
din-mediated neuroinflammation (Morales et al. 2017).
Recent studies show CBDA and CBGA inhibit BACE-1,
butyrylcholinesterase (BuChE), and acetylcholinesterase
(AChE)—enzymes linked to AB production and cholin-
ergic tone—supporting their role as multitarget-directed
ligands (Vitale et al. 2025).

Mechanisticallyy, THCA engages PPARy, a nuclear
receptor that dampens NF-kB—driven cytokines and sup-
ports mitochondrial programs linked to neuronal sur-
vival; this was established in neuronal systems and in
vivo neurotoxicity models and remains a key rationale
for testing THCA in neuroinflammatory neurodegener-
ation, including AD (Nadal et al. 2017; Palomares et al.
2020; Stone et al. 2020). Complementing this, “upstream”
targets in the amyloid and cholinergic pathways are
now implicated for CBDA and CBGA: a 2024 open-
access study found both acids inhibit BACE-1, AChE,
and BuChE in the low-micromolar range, an MT-DL
(multi-target-directed ligand) profile that theoretically
reduces AP formation while stabilizing cholinergic tone,
two pillars of current AD pharmacology (Vitale et al.
2025). A second 2022-2023 thread places acidic canna-
binoids at the level of Ca (D'Souza et al. 2008)* signal-
ing: by blocking store-operated calcium entry (SOCE) in
immune cells (Faouzi et al. 2022; Suzuki et al. 2024). The
acidic cannabinoids curtailed pro-inflammatory cyto-
kine release, highly relevant because maladaptive SOCE
and microglial activation amplify synaptic loss in AD; an
editorial in function highlighted this as the first demon-
stration of SOCE inhibition by the acid forms specifically
(Kozak 2022). A comparison of decarboxylation rates
in secretory cavity contents vs air-dried inflorescences,
showing how matrix context and handling shift the acid:
neutral balance, underscoring why cold processing,
encapsulation, and rapid, low-thermal extraction matter
for preserving acidity ahead of CNS delivery in AD stud-
ies (Kim et al. 2024). Keeping THCA/CBDA/CBGA in
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their acidic state lets researchers leverage PPARY acti-
vation, SOCE suppression, and BACE-1/ChE inhibi-
tion that are most clearly attributed to the acid forms,
not their decarboxylated products. Together with
broader cannabinoid reviews that map antioxidant, anti-
inflammatory, and neurotrophic signaling to improved
cognition, these findings tighten the case for acidic can-
nabinoids as polypharmacological tools in AD research
pipelines (Tyrakis et al. 2024).

Acidic cannabinoids in pain and inflammation
management

Acidic cannabinoids, especially THCA and CBDA,
are gaining traction in pain science because they com-
bine anti-inflammatory, pro-resolving, and sensory-mod-
ulating actions without the psychoactive profile of THC.
In inflammatory arthritis models, THCA (as the naturally
occurring A’>-THCA-A) reduced joint swelling, inflam-
matory biomarkers, synovial hyperplasia, and cartilage
damage, acting via PPARYy and peripheral CB1 signaling
mechanisms that overlap neatly with current anti-inflam-
matory and disease-modifying strategies for rheumatoid
and osteoarthritis pain (Lago-Fernandez et al., 2021).
These data come from a rigorous collagen-induced
arthritis study and have been independently highlighted
in subsequent cannabinoid—PPAR reviews, position-
ing THCA as a credible analgesic/anti-inflammatory
lead for chronic musculoskeletal pain (Palomares et al.
2020). Beyond joint disease, acidic cannabinoids dampen
immune excitability at the calcium-signaling level: a 2022
Function report showed that several acidic forms block
store-operated calcium entry (SOCE) and suppress
pro-inflammatory cytokine release—an upstream anti-
inflammatory mechanism relevant to neuropathic and
inflammatory pain sensitization (Faouzi et al. 2022;
Kozak 2022). On the sensory side, the nociception-
critical TRP channels are a pharmacologic foothold:
structural and functional work in 2024 clarified a can-
nabinoid binding site on TRPA1, complementing earlier
TRPV1 literature and reinforcing how phytocannabi-
noids can modulate mechanical/thermal hyperalgesia
and oxidative-stress—linked pain pathways—targets that
are active in neuropathic pain and fibromyalgia (Amawi
et al. 2024).

CBDA adds complementary mechanisms that matter
clinically. Modern analyses (and updated syntheses of
older bench work) indicate COX-2 suppression by CBDA
at low micromolar levels, consistent with prostaglandin-
driven pain control while sparing COX-1—an NSAID-
like effect with a potentially better GI safety profile; a
2020 review summarizes this axis and CBDA’s related
nuclear-receptor signaling (Formato et al. 2020). Trans-
lationally, oral CBDA reduced orthopedic pain in a pro-
spective study of horses with chronic osteoarthritis,
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improving clinical scores without rescue analgesia—an
emerging, real-world signal that aligns with its anti-
inflammatory mechanism and supports movement
toward controlled trials in human osteoarthritis (OA)
(Aragona et al. 2024; Roseti et al. 2024). For central pain
states (e.g., migraine, neuropathic pain with central sensi-
tization), it helps that THCA and CBDA are detectable in
brain tissue and can act in neuronal systems; 2023 work
in an AD-like model verified CNS exposure and showed
normalization of Ca (D'Souza et al. 2008)* homeostasis,
which is mechanistically relevant to central nocicep-
tive amplification, even though the disease model was
not pain-specific (Kim et al. 2023). Pulling these threads
together, the polypharmacology of acidic cannabinoids—
PPARYy activation, SOCE inhibition, TRP channel modu-
lation, and COX-2 down-tuning—maps onto key pain
drivers (inflammation, immune priming, and peripheral/
central sensitization) and provides a biologically coher-
ent rationale for testing THCA/CBDA as adjuncts or
alternatives to NSAIDs and neuropathic-pain agents.
Contemporary reviews in musculoskeletal and peri-
operative contexts echo cautious optimism, while also
noting the need for dose-finding, stability-preserving for-
mulations (to prevent decarboxylation), and high-quality
RCTs before routine clinical adoption (Botea et al. 2024;
Mlost et al. 2020). Table 2 illustrates a comparison of the
active and acidic forms of THCA and THC, and CBDA
and CBD. Raw cannabis and hemp contain natural pre-
cursors called CBDA and THCA, which transform into
active forms through decarboxylation. CBD is known for
its medicinal benefits, while THC is linked to euphoria
and pain relief. While THC is restricted in the US, CBD
and CBDA from hemp are legally recognized.
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Acidic cannabinoids and cancer

Acidic cannabinoids are drawing oncology interest
because they combine anti-metastatic, anti-inflamma-
tory, and nuclear-receptor actions without the psycho-
activity of THC, making them appeal for long-term
and palliative care. The best-characterized anticancer
signal remains CBDA’s anti-metastatic activity in the
triple-negative breast cancer (TNBC) cell line MDA-
MB-231, where CBDA downregulated COX-2, interfered
with RhoA-c-fos signaling, and inhibited cell migra-
tion—mechanistic levers closely tied to epithelial-to-
mesenchymal transition (EMT) and metastatic spread
(Takeda et al. 2014). Minimal micromolar quantities
of CBDA successfully prevented cell migration in the
aggressive MDA-MB-231 TNBC model without com-
promising cell viability. Mechanistically, RhoA activation
and cAMP-dependent protein kinase A (PKA) inhibi-
tion is connected to this anti-motility action (Takeda et
al. 2012). Furthermore, CBDA exhibits a complicated
interaction with PPARPB/S signaling by downregulat-
ing COX-2 expression in MDA-MB-231 cells via path-
ways involving c-fos and AP-1 activity (Takeda et al.
2017). Overall, rather than directly causing cell death,
CBDA seems to lessen invasive behavior by altering
transcriptional programs linked to inflammation and
motility (Hirao-Suzuki et al. 2020). These cell-level find-
ings align with broader cannabinoid oncology literature
showing anti-proliferative, pro-apoptotic, and anti-inva-
sive effects across tumor types, while also highlight-
ing that acidic forms can act outside classical CB1/CB2
pathways (Takeda et al. 2012). In parallel, THCA func-
tions as a PPARy agonist, a target with well-described
anti-proliferative and pro-differentiation effects in cancer
biology; A’>~THCA’s PPARy activity, shown initially with

Table 2 Comparison of the four main cannabinoids (CBDA, CBD, THCA, THC) in terms of differences in product forms, legal status,
biocavailability, psych activity, therapeutic potential, and chemical feature

Feature CBDA CBD THCA THC References
Chemical Acidic precursor of Decarboxylated (non-  Acidic precursor of THC ~ Decarboxylated (ac-  Anderson et al. 2019; Nadal
Nature CBD acidic) form of CBDA tive) form of THCA etal. 2017; Takeda et al. 2014)
Psychoactivity =~ Non-psychoactive Non-psychoactive Non-psychoactive Psychoactive Anderson et al. 2019; Nadal
etal. 2017; Takeda et al. 2014)
Conversion Converts to CBD Formed from CBDA Converts to THC with Formed from THCA Anderson et al. 2019; Nadal
with heat or aging by heat heat (decarboxylation) by heat etal. 2017; Takeda et al. 2014)
(decarboxylation)
Potential Anti-inflammatory, Anxiety relief, anti- Anti-inflammatory, neu-  Pain relief, appetite Anderson et al. 2019; Nadal
Benefits anti-nausea, anti- inflammatory, seizure roprotective, anti-emetic  stimulation, euphoria et al. 2017; Takeda et al. 2014)
cancer (early research)  control
Bioavailability Possibly higherinraw  Lower oral Better in raw cannabis High when smoked ~ Anderson et al. 2019; Nadal
form (early research) biocavailability (limited absorption or vaporized etal.2017)
orally)
Common Raw hemp juice, QOils, capsules, edibles,  Raw cannabis, juicing, Edibles, oils, smok- Anderson et al. 2019; Nadal
Products tinctures, capsules topicals, vapes tinctures ables, vapes etal.2017)

Legal Status Legal where hemp

products are allowed

Federally legal in US. if
hemp-derived (<0.3%
THO)

Often legal in raw
form depending on
jurisdiction

Controlled substance
in many regions
(Schedule Iin US))

Anderson et al. 2019; Nadal
etal.2017)
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potent in vivo neuroprotection, supports testing THCA
where tumor-promoting inflammation and metabolic
rewiring are operative (Nadal et al. 2017). Contemporary
reviews of medical cannabis in oncology and inflamma-
tion similarly position cannabinoids as adjuncts that may
modulate tumor microenvironment tone and cancer-
related symptoms, while underscoring the translational
gap for acidic analogs specifically (Bodine and Kemp
2025; Mashabela and Kappo 2024). Acidic cannabinoids,
specifically CBDA and THCA, are emerging as promis-
ing anticancer agents that complement or even surpass
their neutral counterparts in specific mechanisms. A
2025 review of phytocannabinoids describes how these
compounds inhibit tumorigenesis (Sledzinski et al. 2020).
In addition to CBDA, studies have examined the effects
of THCA and CBGA in cancer models, namely colorec-
tal cancer. THCA (fraction F7) and CBGA (fraction F3)-
rich unheated cannabis fractions were reported to trigger
cell-cycle arrest in Gy/G; or S phases, induce apopto-
sis, and more efficiently reduce viability in cancer cells
than in normal colon epithelial cells (Aizikovich 2020).
It is noteworthy that these fractions enhanced cytotoxic
and pro-apoptotic activities when combined synergisti-
cally. Modified THCA derivatives also showed enhanced
anti-pancreatic cancer activity in xenograft models
and in vitro, underscoring the potential of these acidic
chemicals for the development of anticancer drugs. By
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blocking the ion channel TRPM?7, which is implicated
in cell migration, proliferation, and metastasis in a vari-
ety of malignancies, CBGA is connected to invasion and
inflammation (Formato et al. 2020). Notably, researchers
developed nitrogen-containing CBDA and THCA deriva-
tives with enhanced anticancer activity, demonstrating
in vitro and in vivo efficacy against multiple tumor cell
lines, thereby overcoming the chemical instability of the
acids and improving bioactivity (Aizikovich 2025). Fig-
ure 2 illustrates how CBDA and THCA interact with var-
ious cellular signaling pathways to regulate cancer cells'
growth, proliferation, and metastasis.

Acidic cannabinoids and epilepsy

Acidic cannabinoids are drawing interest as non-
intoxicating antiseizure candidates because they act
through mechanisms that complement (and some-
times potentiate) established therapies. Preclinical
work shows CBDA enhances 5-HT1A signaling, long
implicated in seizure modulation, and can be markedly
more potent than CBD in serotonergic assays, which is
relevant to central excitability and nausea comorbid-
ity (Bolognini et al. 2013). In a Dravet syndrome mouse
model (Scnla”RX/+), Anderson et al. demonstrated that
CBDA’s brain exposure is vehicle-dependent (very low in
standard PEG/ethanol vs. markedly higher with a Tween-
80 vehicle). With adequate exposure, CBDA raised the
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\\\‘
PPARv PPARa

— CFOSIA1

g, — («—f—“ ~

CG.\/

Cycle

T N \

Apoptosis J)

—wrw

—

G2

NF«B.J /

Y oo

Epithelial-
mesenchymal
transition

Fig. 2 Anticancer Effects of CBDA and THCA. This figure demonstrates the mechanisms through which cannabidiolic acid (CBDA) and tetrahydrocan-
nabinolic acid (THCA) exert their anticancer effects. Both compounds promote apoptosis, inhibit cell cycle progression, and reduce metastasis while also
suppressing inflammation and engaging cannabinoid receptors. CBDA disrupts the RhoA signaling pathway by inhibiting COX-2 and reducing c-Fos/
AP-1 levels, which limits tumor cell motility and promotes angiogenesis, invasion, and epithelial-mesenchymal transition (EMT). On the other hand, THCA
lowers levels of TNF-a, COX-2, and pro-angiogenic mediators, while also activating peroxisome proliferator-activated receptor gamma (PPARy) and inhibit-
ing NF-kB and AP-1. These combined actions of THCA and CBDA shows their potential as complementary anticancer agents by targeting key hallmarks

of cancer
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temperature threshold for generalized seizures, directly
supporting anticonvulsant potential while underscoring
the formulation problem for acids (Anderson et al. 2019).
A 2021 Frontiers in Pharmacology review of “minor can-
nabinoids” synthesizes these pharmacologic threads,
serotonergic modulation, ion channels, and inflamma-
tion as plausible converging routes for antiseizure activity
from acidic cannabinoids, not just the neutral forms used
clinically (e.g., Epidiolex) (Walsh et al. 2021).

Two recent animal studies refined how far this prom-
ise goes. In an acute rat seizure model, it was found
that CBDA-enriched hemp extracts produced “entou-
rage-like” improvements in anticonvulsant activ-
ity. CBDA appeared to boost the seizure suppression
produced by other cannabinoids, while also showing
standalone signals, suggesting a role as an adjunct in
extract-based therapies rather than a solo magic bullet
(Goerl et al. 2021). By contrast, a tested A’>-THCA across
multiple murine seizure models (6-Hz psychomo-
tor, MES, and Scnla+/-Dravet) and reported a mixed
profile: THCA plus THC showed benefit in the 6-Hz
model, but pure THCA alone was inconsistent and
sometimes proconvulsant, highlighting model- and
context-dependence and the risk of assuming uniform
efficacy for acids across seizure types (Anderson et al.
2019; Benson et al. 2022). Pulling this together: the most
robust 2020-2025 signals are (i) CBDA can be anticon-
vulsant when brain delivery is engineered correctly and
may potentiate other cannabinoids; (ii) THCA requires
caution because efficacy varies by dose, model, and co-
administered cannabinoids; and (iii) both need stability-
preserving formulations to prevent decarboxylation and
achieve reproducible CNS exposure. Given the promis-
ing pharmacology but sparse human data, the field’s next
step is controlled early-phase trials that lock down for-
mulation (to keep acids acidic), exposure (PK/brain lev-
els), and seizure endpoints—ideally in Dravet/Lennox,
Gastaut, where trial infrastructure already exists—and
use mechanistic biomarkers (e.g., 5-HT1A engagement)
alongside clinical seizure outcomes (Anderson et al
2019; Walsh et al. 2021).

Use of acidic cannabinoids in medications

As of now, acidic cannabinoids such as CBDA and CBGA
are not currently included in any FDA-approved or glob-
ally recognized prescription medications. They are widely
sold as dietary supplements under the GRAS (Gener-
ally Recognized As Safe) label, which allows for their
sale without premarket approval, if they meet 21 CFR
Part 170 safety standards (Generally Recognized as Safe
(GRAS) 2023). GRAS does not equate to FDA approval
for medication and is regulated by the boundaries out-
lined in the Federal Food, Drug, and Cosmetic (FD&C)
Act, §§201(ff) (Burstein 2015)(B) and 301(ll). The FDA’s
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drug-exclusion clauses are essential in determining the
legality of acidic cannabinoids like CBDA, THCA, and
CBGA. These clauses prohibit the initial marketing of
licensed drugs or those undergoing extensive clinical
research as foods or supplements. With a limited "first-
marketed-as-food" provision, §301(ll) prohibits the addi-
tion of a drug that is permitted to normal foods. Using
acidic cannabinoids in food would require either a suc-
cessful GRAS demonstration or a food-additive regula-
tion, as the FDA has not recognized any cannabinoids
as a legal food ingredient through GRAS (Human Foods
Program 2024) (Program HF 2024). Additionally, for an
acidic cannabinoid to be considered a legal dietary ingre-
dient, it must pass through the New Dietary Ingredient
(NDI) process, which includes a 75-day premarket notifi-
cation to demonstrate safety before a company can offer
supplements (Human Foods Program 2025) (Program
HF2025). While THCA contributes to the overall THC
content required by federal hemp regulations, it also
raises concerns regarding controlled substances (Adlin
2024). According to the FDA's more comprehensive can-
nabis policy stance 2023-2024, the Agency has requested
that Congress develop a new framework because it has
not been able to treat cannabinoids like CBD as legal
foods or supplements under the law as it stands (Admin-
istration USFaD n.d.).

Despite anti-inflammatory, anticonvulsant, and anti-
cancer properties in preclinical animals, CBDA and
CBGA are chemically unstable. When heated or exposed
to time, acidic cannabinoids naturally undergo decar-
boxylation, transforming into their more stable neutral
forms, such as CBD and CBG, which are commonly
found in pharmaceutical drugs like Epidiolex (U.S. FDA-
approved) and Sativex (Anderson et al. 2019; Britch et
al. 2021). Because they are easier to stabilize, more stan-
dardized, and have been shown to be clinically effective,
neutral cannabinoids have been preferred in pharma-
ceutical research. Despite being sold as over-the-counter
supplements, acidic cannabis formulations such as those
made by Healer CBD.

zBiomedical Pharms, and Rare cannabis company are
not categorized as pharmaceuticals and do not have offi-
cial regulatory approval (Biomedical Pharms, USA and
Healer CBD USA) as Epidiolex. Regulations governing
dietary supplements, which are less stringent than those
governing prescription drugs, also apply to the marketing
of these products. They are not required to go through
scientific trials to prove their safety, effectiveness, or
therapeutic consistency, even when they include bio-
logically active substances like CBDA or CBGA (New
Dietary Ingredient (NDI) Notification Process 2025).
A lack of standardization in labeling, dosing guidelines,
and purity compared to pharmaceutical products results
in batch-to-batch variations in potency and cannabis
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concentration, as well as a lack of information on long-
term safety or drug interactions (Bonn-Miller et al. 2017).
The study revealed that around 70% of CBD products
sold online had false labels, and more recent research
keeps finding significant discrepancies from label claims
and undeclared A9-THC contamination, demonstrating
the potency/purity fluctuation (Bonn-Miller et al. 2017).
Although businesses like Healer CBD prioritize transpar-
ency by focusing on physician-developed formulas and
offering certificates of analysis, these measures do not
replace the official validation procedures required for
authorized medications (Biomedical Pharms, USA and
Healer CBD, USA).

The pharmacological potential of acidic cannabinoids
is, nevertheless, gaining more and more attention. Recent
studies suggest that CBDA may have more bioavailabil-
ity and potent anti-inflammatory properties than CBD,
whereas CBGA is being investigated for its potential to
treat metabolic diseases and promote neuroprotection
(Benson et al. 2022; Britch et al. 2021). Acidic cannabi-
noids' medicinal uses, such as their potential for treat-
ing inflammatory illnesses, breast cancer, and epilepsy,
are now being investigated in clinical trials. According to
(Anderson et al. 2019), CBDA has demonstrated anticon-
vulsant effects in preclinical epileptic animals, indicat-
ing a potential future use in seizure treatment. However,
before they can be used in official medical treatments,
more thorough clinical trials and better techniques for
stabilizing acidic cannabinoids will be required. It is pro-
jected that stabilized pharmaceutical-grade acidic can-
nabinoid treatments may develop when further research
is conducted, providing new opportunities for cannabis-
based medicine.

Acidic cannabinoid companies

More and more businesses are incorporating acidic can-
nabinoids, like CBDA and CBGA, into their product
development processes as their therapeutic potential
continues to expand. CBDA and CBGA are appealing
prospects for health and wellness improvements because,
in contrast to their decarboxylated cousins, they fre-
quently exhibit improved bioavailability, greater anti-
inflammatory activity, and broader pharmacological
benefits (Britch et al. 2021). Dr. Dustin Sulak launched
Healer CBD, which provides a variety of formulations
with a focus on acidic cannabinoids. According to their
goods, bioavailability is greatly increased, and CBDA may
be up to 11 times more absorbed than CBD (Healer CBD,
USA). In a similar vein, Extract Labs created an Immune
Support Tincture that preserves the naturally occurring
acidic forms of cannabis in order to maximize its antiviral
and anti-inflammatory properties (Extract Labs, USA).
By using fermentation technologies to produce bio-based
CBDA, biotechnology companies like Lygos, Inc. have
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advanced beyond plant extraction. They are providing
scalable, high-purity production methods consistent with
the concepts of green chemistry (Lygos, USA). By obtain-
ing patents centered on the optimal conversion and sta-
bilization of CBDA, Aphios Pharma LLC has aided in
the development of pharmaceutical cannabinoids and
highlighted the potential of this compound for future
FDA-regulated therapeutic uses (Aphios Pharma, USA).
The refined CBDA oil and CBGA formulations offered
by Rare Cannabinoid Company, which specializes in
minor and acidic cannabinoids, are frequently used with
full-spectrum hemp extracts to increase the entourage
effect (Rare Cannabinoid Company, USA). Similarly, by
developing an immune-boosting solution that combines
CBDA and CBGA with vital vitamins and minerals, CBD
American Shaman took advantage of the public's enthu-
siasm for these cannabinoids (CBD American Shaman,
USA). Adding to its line of consumer-focused goods,
Northwoods Botanicals sells a Cannabinoid Mega Blend
made from sustainably grown Wisconsin hemp that
contains CBDA and CBGA (Northwoods Botanicals,
USA).In order to address a broader range of physiologi-
cal needs, Asheville Dispensary has also developed daily
wellness capsules ("Resilience”) that combine CBDA,
CBGA, CBD, and CBG (Asheville Dispensary, USA).
Following research indicating possible antiviral effects,
industrial hemp giant Hemp, Inc. announced the release
of a full line of CBDA and CBGA products, including
tinctures, drinks, capsules, and edibles containing raw
cannabinoids (Hemp, Inc., USA). In order to optimize
immune regulation, Biomedical Pharms created a CBDA:
CBGA immune booster supplement that combines acidic
cannabinoids with other minor cannabinoids (Biomedi-
cal Pharms, USA). In order to increase our understand-
ing of these molecules, Nobles Corp. and the Global
Cannabinoid Research Center (GCRC) are researching
how acidic cannabinoids may control neurological path-
ways, metabolic disorders, and inflammatory diseases
(Cannabis Science & Technology, USA). Since unheated
cannabinoids provide synergistic benefits lost during
decarboxylation, newer entrants like Rainbow Com-
plete Spectrum are concentrating on maintaining a true
"full spectrum" profile by retaining both acidic and neu-
tral cannabinoids within their tinctures and oils (Rain-
bow Complete Spectrum, USA). In addition, Boulder
Creek Technologies has created solventless extraction
techniques that are ideal for maintaining the integrity
of CBDA and CBGA, promoting cleaner and more sus-
tainable cannabis production methods (Boulder Creek
Technologies, USA). Companies in the USA that uti-
lize acidic cannabinoids (CBDA & CBGA) are listed in
Table 3. Businesses that invest in acidic cannabinoids are
growing quickly, which highlights the cannabis industry's
paradigm shift toward more complex, scientifically based
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Table 3 lllustrates the companies in the USA that utilize acidic cannabinoids (CBDA and CBGA)

Company Location Product Type Acidic Notable Features
Cannabinoid

Healer CBD Maine, USA QOils drop, gummies, capsules CBDA, CBDA Physician developed formulas, immune sup-
port, stress relief, enhanced bioavailability

Extract Labs Colorado, USA  Tinctures, capsules CBDA, CBGA Immune support tincture blending raw
CBDA & CBGA

Rare Cannabinoid Hawaii, USA Tinctures, oils CBDA, CBGA Rare cannabinoids with 1:1:1 CBDA, CBGA,

Company CBD blends

Biomedical Pharms Florida, USA Immune booster supplements CBDA, CBGA Formulates a CBDA: CBDGA immune
booster combined with other cannabinoids

Northwoods Botanical Wisconsin, USA  Tinctures CBDA, CBGA Cannabinoid mega blend tincture from
organically grown hemp

Hemp, Inc Nevada, USA Tinctures, gummies, capsules, CBDA, CBGA CBDA & CBGA heath studies

edibles

The Georgia Hemp Georgia, USA Tinctures, gummies, capsules, Potentially CBDA,  Full spectrum hemp extracts likely contain-

Company edibles, vapes, topicals CBGA ing acidic cannabinoids

SJ Labs and Analytics Georgia, USA Laboratory testing services CBDA, CBGA Cannabinoid testing, CBDA & CBGA analysis

Lygos, Inc California, USA Bio-based CBDA via fermentation ~ CBDA High purity CBDA sustainability using green
chemistry

Aphios Pharma LLc Massachusetts,  Pharmaceutical cannabinoid CBDA Stabilized CBDA for future pharmaceutical

USA development use
CBD American Shaman Kansas, USA Immune boosting tinctures with CBDA, CBGA Combines CBDA & CBGA with vitamins for

vitamins

North Carolina,
USA

California, USA

Asheville Dispensary
CBGA

Naobles Corp./Global Can-
nabinoid Research Center
(GCRQO)

Tweedle Farms

peutics exploration
Oregon, USA

Boulder Creek Colorado, USA

Technologies acidic cannabinoids

Daily wellness capsules with CBDA/

Cannabinoid research and thera-

Full spectrum tinctures and oils

Solventless extracts preserving

immune heath

CBDA, CBGA Cannabinoid blends for daily heath support

CBDA, CBGA Researching acidic cannabinoids for neuro-
logical & inflammatory disorders

CBDA, CBGA Maintains acidic cannabinoids integrity for
full spectrum benefits

CBDA, CBGA Developed solventless methods to preserve

CBDA & CBGA during extractions

formulas. Next-generation cannabinoid-based treat-
ments are expected to require acidic cannabinoids.

Leading firm ElleVet Sciences is dedicated to creating
CBD and CBDA formulations for pets, particularly dogs.
They have carried out peer-reviewed clinical trials that
are aimed explicitly at dogs with osteoarthritis, includ-
ing a randomized, placebo-controlled crossover study at
Cornell University College of Veterinary Medicine (Gam-
ble et al. 2018; White 2023; Loftus 2020). Published safety
and pharmacokinetic studies that examine drug-drug
interactions in canine liver microsomes and highlight
the distinct metabolic pathways of CBD and CBDA were
part of their study. Besides supporting ex vivo and in
vitro studies that evaluate the anti-inflammatory benefits
of their blended CBD/CBDA formulations using canine
samples, ElleVet claims to support 15 peer-reviewed
studies and numerous research and development proj-
ects (Gamble et al. 2018; White 2023; Loftus 2020).

The full-spectrum extract NTI164, created by the Aus-
tralian biopharmaceutical company Neurotech Inter-
national, is CBDA-dominant and is presently being
researched for potential use in human medicine. Numer-
ous clinical investigations that are subject to peer review

have examined the extract. A research conducted by
Keating et al. 2015 (Keating et al. 2025) described a Phase
I/II open-label experiment in Rett syndrome patients,
which showed notable improvements in neurological and
behavioral symptoms in addition to an exceptional safety
profile. Additionally, pharmacokinetic data from the trial
showed that CBDA was the prominent circulating canna-
binoid after the dose. The anti-inflammatory and neuro-
protective properties of the same formulation were also
the subject of research (Ross-Munro et al. 2024), high-
lighting the significance of acidic cannabinoids in the
treatment of inflammatory and neurodevelopmental ill-
nesses. Other companies may not yet have peer-reviewed
publications or DEA licenses; their inclusion could serve
to illustrate the broader industry trend toward innova-
tion in acidic cannabinoid formulations.

Limitations

Despite growing interest in acidic cannabinoids such
as THCA and CBDA, several limitations hinder their
translation from preclinical promise to clinical use.
A major challenge is their chemical instability—both
compounds readily undergo decarboxylation into their
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neutral forms (THC, CBD) when exposed to heat, light,
or prolonged storage, which can significantly alter phar-
macological activity (Urvashi et al. 2024; Kim et al. 2024).
This instability complicates dosing accuracy and stan-
dardization, particularly in botanical preparations, and
makes it challenging to ensure that patients are receiv-
ing the intended acidic form. Furthermore, pharmaco-
kinetic studies indicate that CBDA and THCA generally
exhibit low oral bioavailability, short half-lives, and lim-
ited central nervous system penetration under standard
formulation conditions, with brain-to-plasma ratios
remaining low unless specialized delivery systems (e.g.,
surfactants, nanoemulsions) are employed (Lacerda et al.
2025).

Due to its chemical instability, CBCA is easily changed
into CBC by heat, light, or extended storage, which has
an impact on measurement and retention (Tahir et al.
2021; Wang et al. 2016; Urvashi et al. 2024; Lim et al.
2021). Its limited biosynthetic pathways usually make it
a modest product when compared to THCA and CBDA.
Interestingly, little is known about the pharmacologi-
cal effects of CBCA; most of the data comes from CBC,
its neutral cousin. Achieving systematic effectiveness
may need non-decarboxylating formulations, as evi-
denced by the variety and complexity of pharmacokinet-
ics highlighted by the available research. Additionally, the
requirement to avoid decarboxylation during analytical
procedures creates quantification issues. These studies
suggest that CBCA is a low-abundance, delicate sub-
stance that needs to be handled carefully and thoroughly
validated for accurate research (Tahir et al. 2021; Urvashi
et al. 2024; Lim et al. 2021).

Another limitation is the scarcity of high-quality
human clinical data. While preclinical studies and anec-
dotal reports suggest potential anti-inflammatory, neu-
roprotective, antiemetic, and anticancer effects, the
evidence base is dominated by in vitro assays and animal
models, with few randomized controlled trials to validate
safety, optimal dosing, and efficacy in humans (Formato
et al. 2020; Walsh et al. 2021). Regulatory and manufac-
turing barriers also limit progress. Because acidic can-
nabinoids are derived from cannabis plant material, legal
restrictions on cannabis cultivation and research in many
jurisdictions constrain clinical investigation and large-
scale production. Moreover, the lack of validated ana-
lytical methods that can accurately quantify CBDA and
THCA without inducing artifactual decarboxylation
during sample preparation hampers both research and
quality control (Lacerda et al. 2025). Until these chemi-
cal, pharmacokinetic, and regulatory challenges are
addressed through innovations in stabilization, formu-
lation, and clinical trial design, acidic cannabinoids will
remain promising but experimental therapeutic agents,
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with applications that are not yet ready for broad medical
adoption.

Discussion

The medicinal flexibility of acidic cannabinoids, espe-
cially THCA and CBDA, is being clarified by the grow-
ing field of cannabis research. These non-psychoactive
substances, which were previously disregarded in favor
of their decarboxylated counterparts, have revealed
themselves to be pharmacologically active substances
with unique anti-inflammatory, neuroprotective, anti-
emetic, and maybe anticancer qualities. They may be
used as adjuncts or substitutes in medicinal formulations
because of their distinct modes of action, which set them
apart from CBD and THC. These mechanisms include
COX-2 inhibition, 5-HT1A receptor modulation, TRP
channel interaction, and PPARy activation (Tahir et al.
2021; Gagne et al. 2012; Flores-Sanchez and Verpoorte
2008; Kim et al. 2023).

In models of pain, inflammation, and epilepsy, the
pharmacological effects of CBDA are especially notewor-
thy. With its potent anti-inflammatory properties and
specific inhibition of cyclooxygenase-2, CBDA presents
a compelling non-opioid alternative for treating chronic
pain. Its involvement in controlling anxiety, nausea, and
seizure activity is further supported by its high affin-
ity for serotonin 5-HT1A receptors; multiple preclinical
investigations have shown its anti-hyperalgesic and anti-
convulsant properties (Anderson et al. 2019; Bolognini
et al. 2013; Walsh et al. 2021; Goerl et al. 2021). Further
in vivo confirmation is required, although preliminary
data indicates that CBDA may disrupt metastatic signal-
ing pathways in triple-negative breast cancer cell lines,
potentially by downregulating pro-tumorigenic enzymes
and altering RhoA activity. Due to its capacity to function
as a PPARy agonist and its role in cytokine regulation,
specifically the inhibition of TNF-a and IL-6, THCA has
also demonstrated promise in several preclinical investi-
gations (Bolognini et al. 2013; Takeda et al. 2014). These
processes are the basis for its anti-inflammatory and neu-
roprotective properties, which are especially important
in diseases like Alzheimer's, where neuroinflammation
is a major pathogenic factor. Although THCA has had
inconsistent outcomes in models of epilepsy, either being
ineffective or even proconvulsant in specific seizure sce-
narios, when combined with other cannabinoids, it may
increase its anticonvulsant effectiveness (Nadal et al.
2017; Kim et al. 2023; Sundararajan et al. 2006). As thera-
peutic approaches, whole-plant and acidic cannabinoid-
rich preparations are becoming increasingly popular.

According to pharmacokinetic studies, CBDA and
THCA are quickly absorbed orally; nevertheless, their
short plasma half-lives and restricted CNS penetration
may limit their effectiveness when taken alone. Their
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continuous development is supported by current for-
mulation technology developments, including liposomal
carriers and nanoemulsions, which have shown promise
in improving brain bioavailability. A significant factor in
the usage of these cannabinoids in treatment-resistant,
geriatric, and pediatric populations is their non-psycho-
active profile, which permits long-term administration
with little cognitive adverse effects.

Even with the encouraging preclinical evidence, the
shortage of well-monitored human clinical trials is a sig-
nificant drawback. The majority of the information cur-
rently available comes from rodent models and in vitro
research, which makes extrapolating results to patient
populations challenging. Additionally, to maintain thera-
peutic effectiveness, novel extraction and storage tech-
niques are required due to concerns about compound
stability, including heat sensitivity and decarboxylation.
For acidic cannabinoids to reach their full potential in
mainstream medicine, the field must prioritize pharma-
covigilance frameworks, clinical validation, and optimal
dose trials.

Conclusion

CBDA, THCA, and CBGA are examples of acidic can-
nabinoids, a distinct and exciting class of medicinal
substances derived from cannabis. CBGA, produced
when geranyl pyrophosphate (GPP) combines with OLA
(Gulck and Moller 2020), serves as the biosynthetic pre-
cursor to all phytocannabinoids and undergoes enzy-
matic conversion followed by decarboxylation to yield
THCA, CBDA, or CBCA (Tahir et al. 2021; Flores-San-
chez and Verpoorte 2008). The pharmacological actions
of these acidic forms are varied and include the inhibi-
tion of enzymes that produce f-amyloid, the suppression
of store-operated calcium entry (SOCE), strong anti-
inflammatory effects, and activation of nuclear recep-
tors like PPARy and PPARa that are associated with
metabolic regulation and neuroprotection. Both CBDA
and THCA have demonstrated the ability to reduce
B-amyloid and phosphorylated tau (p-tau) accumulation
in hippocampal regions—effects relevant to neurodegen-
erative diseases like Alzheimer’s—while also providing
additional therapeutic benefits through COX-2 inhibi-
tion, 5-HT1A receptor modulation, and other pathways.
Importantly, they are particularly well-suited for long-
term usage in sensitive groups, including children and
the elderly, for illnesses ranging from cancer and epilepsy
to chronic pain and inflammatory disorders, since they
are non-psychoactive.

The clinical application of acidic cannabinoids is
fraught with difficulties, despite their potential. Their
chemical instability makes formulation, dose constancy,
and pharmaceutical standardization more difficult since
it causes fast decarboxylation when heated or stored for
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an extended period. Furthermore, their use in illnesses
of the central nervous system is limited by their low bio-
availability and limited brain penetration in unaltered
forms; however, new delivery methods, including lipid-
based carriers, nanoemulsions, and other sophisticated
formulations, provide encouraging alternatives. The
absence of strong human clinical studies continues to be
a significant deficiency, resulting in unanswered issues
regarding safety, optimal dosing, effectiveness, and inter-
actions across drugs. This is made more difficult by the
analytical challenge of distinguishing between acidic and
neutral cannabis in pharmacokinetic and pharmacody-
namic studies, underscoring the need for more advanced
detection methods. Nevertheless, with the growing
scientific interest, evolving cannabis regulations, and
increasing public demand for whole-plant, full-spectrum
therapeutics, THCA and CBDA are well-positioned to
become integral components of precision cannabinoid
medicine. Continued research, innovative formulation
technologies, and supportive policy changes could solid-
ify their role in bridging the gap between targeted phar-
macology and natural therapeutic approaches.
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