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Abstract

Many cannabinoids are derived from Cannabis and exhibit a diverse range of pharmacological
properties. Predictions of bioactivities of these compounds were conducted by molecular docking
computation on two transient receptor potential (TRP) receptors (TRPV1 and TRPC5) found on
human glioma (U-87 MG) cells. These predictions were experimentally confirmed by monitoring
changes in intracellular calcium concentration [Ca?*];in U-87 MG cells treated with cannabinol
(CBN), cannabichromene (CBC), and cannabicyclol (CBL), as measured using a fluorescence
microplate reader. The results indicate that CBN and CBC are bioactive, whereas CBL exhibits
minimal activity. These findings are consistent with predictions obtained from molecular docking
computation based on AutoDock Vina.
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Introduction

The global demand for medical-grade Cannabis has drastically increased patient interest in the
use of cannabinoid-based substances. Due to their limited psychoactivity, cannabinoids such as CBN
and CBL have demonstrated efficacy in several pathological conditions, including inflammatory and
neurodegenerative diseases, epilepsy, autoimmune disorders such as multiple sclerosis and arthritis,
schizophrenia, and cancer [1]. Cannabinoids have been reported to trigger TRPV-dependent
autophagic processes in glioma stem-like cells, thereby abolishing chemoresistance to carmustine [3].
In addition, combinations of cannabinoids with cytotoxic drugs such as temozolomide, carmustine,
or doxorubicin have been shown to enhance drug activity and uptake in human glioblastoma
multiforme (GBM) cells [2].

Cannabinoids have also been demonstrated to modulate glioma progression through multiple
mechanisms, including regulation of cell proliferation, invasion, apoptosis, and autophagy
pathways, independent of classical cannabinoid receptors [6,19-21].

Beyond pharmacological characterization, cell-based biosensing and cell-monitoring assays
enable quantitative detection of functional intracellular responses to chemical stimuli. Intracellular
calcium is a robust biosensing parameter that reflects ion channel activity and downstream signaling,
and fluorescence microplate monitoring provides a convenient route to high-throughput functional
sensing. In this work, we adopt the Fluo-4 microplate assay as a cell-monitoring biosensing platform,
and we integrate it with molecular docking to guide compound selection and interpretation.

GBM is the most common and aggressive malignant brain tumor, accounting for approximately
50% of all gliomas and 15.6% of all primary brain and central nervous system tumors [4,5]. Calcium-
permeable transient receptor potential (TRP) channels play a critical role in glioma cell proliferation
and translocation. In particular, TRPC1 has been shown to be a prerequisite for glioma cell
proliferation and migration [7,9,11]. Elevated expression levels of TRPV1, TRPV2, TRPC1, TRPC6,
TRPM2, TRPM3, TRPM7, and TRPMS have also been reported in GBM tissues [12].
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Beyond TRPV and TRPC channels, intracellular calcium signaling plays a central role in glioma
cell survival, migration, and neuroprotection, making calcium homeostasis an attractive therapeutic
target in cancer research [8,10,13]. Several studies have demonstrated that non-psychoactive
cannabinoids such as cannabidiol can induce apoptosis, inhibit proliferation, and suppress invasion
in glioma and other cancer cell lines through multi-target mechanisms [22-28]. Cannabinoids have
also been reported to directly interact with TRP channels, including TRPV1, thereby regulating
intracellular calcium dynamics and downstream signaling pathways associated with tumor
progression [29-32].

Targeting calcium channel activity and intracellular calcium accumulation has therefore
emerged as a promising strategy for cancer therapy. The present study was designed to investigate
the pharmacological potential of selected cannabinoids in U-87 MG glioma cells based on
intracellular calcium measurements. Previous studies have reported significant calcium changes in
U-87 MG cells treated with curcumin [33,34], resveratrol [34], and capsaicin [34]. Predictions were
also obtained using molecular docking computations based on AutoDock Vina, and a strong
correlation between intracellular calcium measurements and molecular docking predictions has been
previously established [34].

Experimental Section

Reagents

A fluorescent calcium probe, Fluo-4 AM ester (50 ug, Molecular Probes, Eugene, OR) was
dissolved in dimethyl sulfoxide (DMSO, 99.9%, Sigma-Aldrich) to prepare a stock solution of 1 ug
uL-L. Prior to use, the stock solution was freshly diluted in Hanks” balanced salt solution (HBSS,
Invitrogen Corp., Grand Island, NY) to yield a working concentration of 5.0 pM. Due to its light
sensitivity, Fluo-4 AM was stored in the dark at -20 °C [15].

Cannabinol (CBN), cannabichromene (CBC), and cannabicyclol (CBL) were purchased from
Cerilliant Corporation (Round Rock, TX) as drug enforcementa-exempt solutions (1 mg mL™ in
methanol).

Ionomycin calcium salt (Sigma Chemical Co.) was dissolved in DMSO and diluted in HBSS
containing 1 mM CaCl; to prepare working solutions of 10 mg mL" [14].

Cell Samples

U-87 MG cells (ATCC, USA) were obtained from cryopreserved storage and were maintained in
DMEM/high glucose, pyruvate (ThermoFisher Scientific), containing 10% FBS (ThermoFisher
Scientific), and 1% penicillin (Stemcell Technologies) in a 5% CO: atmosphere at 37 °C. The doubling
time for the cell line was approximately 39 h; hence, the growth medium was changed two times a
week, and cells were passaged once a week. We used 0.05% trypsin-EDTA (ThermoFisher Scientific)
to detach cells, and 0.4% trypan blue solution (ThermoFisher Scientific) to ensure the viability of the
cell under the microscope. Dead cells will become stained after the addition of trypan blue and live
cells can be observed as bight circles.

Instrument

Fluorescence measurements were performed using a microplate reader (M200, Tecan,
Switzerland). Intracellular calcium concentration was calculated using the following equation 1 [17]:

g Fmin
qu); —dF

[, =% (Equation 1)

where F represents fluorescence intensity after reagent addition, Fumi is the background fluorescence,
and Fua is the maximum fluorescence obtained following ionomyecin treatment. The dissociation
constant (Ke) for Fluo-4 is 0.35 uM [18].
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Cell Calcium Bulk Analysis

Bulk analysis of intracellular calcium was performed using a 96-well microplate coupled with
fluorescence detection. This method enables rapid and reproducible measurement of cytosolic
calcium changes following chemical stimulation. The overall experimental workflow is illustrated
schematically in Figure 1.

Assay on

Cell line Seed cells in Load cells Fluorescence

with dye 96 well plate Data analysis

reader

generation 96 well plate

Figure 1. Different steps of cell calcium bulk analysis.

3.2. Loading Cells on a 96-Well Plate

After reaching adequate confluency, cells were detached using trypsin-EDTA. A 50 uL aliquot
of cell suspension was mixed with 50 UL of trypan blue solution and counted using a hemocytometer.
Live cells were identified as unstained bright circular objects under microscopic observation. Cell
density was calculated using standard hemocytometer protocols, and 10 000 viable cells were seeded
into each well of a black, clear-bottom 96-well cell culture plate. Plates were incubated overnight to
allow cell attachment.

3.3. Fluo-4 AM Dye Loading

After cell attachment, the culture medium was removed and cells were washed with HBSS. Fluo-
4 AM working solution (5.0 uM, 20 uL per well) was added, followed by incubation for 15 min at
room temperature and an additional 15 min at 37 °C to allow dye uptake and intracellular ester
hydrolysis. Excess dye was removed by washing with HBSS prior to fluorescence measurements.

3.4. Fluorescence Assay on a 96-Well Plate

Fluorescence measurements were performed in a black, clear-bottom COC-coated 96-well plate
at a cell density of 10 000 cells per well. Measurements were carried out using the bottom-reading
mode with fluorescence excitation at 470 nm and emission at 530 nm. Instrument settings included
25 flashes and an integration time of 20 ps. The fluorescence gain was maintained between 170 and
190, and they were corrected for Fmin, F and Fmax obtained in each experiment, by the relationship
between fluorescence intensity and gain as depicted in Figure 2.

Fluorescence intensity

25000.0 - y =10.401x? - 3334.4x + 271146

R?=0.9996
20000.0 -
15000.0 -
10000.0 +
5000.0 -
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Figure 2. Relationship between fluorescent intensity and microplate reader gain.
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Fluorescence intensity was recorded in three stages: resting fluorescence (Fo), fluorescence after
reagent addition (F), and maximal fluorescence (Fmx) following ionomycin treatment (final
concentration 20 uM). This three-point acquisition provides a rapid functional readout of stimulus-
invoked Ca?* responses suitable for cell monitoring and screening in a microplate format. Background
fluorescence (Fmin) was measured in cell-free wells. All experiments were performed in triplicate. Data
are reported as mean * standard deviation (SD), and fold-change was calculated relative to resting
[Ca?] for each condition.

Data Analysis and Results

The intracellular Ca?* biosensing assay produced a clear functional dynamic range across the
tested cannabinoids, with fold responses spanning from minimal change (CBL) to strong activation
(CBN/CBC). Measurements were performed in triplicate, and the low SD values indicate
good reproducibility of the microplate fluorescence readout under constant instrument settings (gain
correction). These characteristics support the use of the assay as a cell-monitoring biosensor for
screening stimulus-evoked Ca?* responses. Changes in intracellular calcium concentration were
calculated using Equation (1). Calcium concentrations (nM) and fold changes relative to resting levels
are summarized in Table 1. CBC and CBN induced pronounced increases in intracellular calcium
concentration, whereas CBL produced only minimal changes.

To correlate the computational prediction with the cell-monitoring readout, molecular docking
was used as a screening and ranking tool for TRPV1 and TRPC5 channels. The cannabinoids CBN
and CBC showed stronger predicted binding affinities than CBL across the tested channel structures
(Table 2), and this ranking correlated with the experimental calcium responses (Table 1), where
CBN/CBC produced pronounced Ca?* elevations and CBL showed minimal effect. The predicted
channel binding poses and interaction patterns are summarized in Figures 3 and 4, supporting a
mechanistic interpretation consistent with the biosensing results.

Table 1. Changes in [Ca?*] when 100 uM of reagents (CBC, CBN, CBL) were added.

Compound Resting [Ca*] (nM) After Treatment [Ca?] (nM) Fold Increase
CBN 445 + 8 2144 + 47 4.8
CBC 463 +6 2295 +31 4.9
CBL 311+40 361+15 1.2

Table 2. Binding affinity of different cannabinoids on two major TRPV1 ion channels (of rat and human origins).

Ion Channel PDB ID CBC (kcal/mol) CBL (kcal/mol) CBN (kcal/mol)
Rat TRPV1 3J5Q -5.7 -6.0 -5.2

Rat TRPV1 3J5R 7.6 -8.3 -8.3

Human TRPV1 6193 7.4 -7.9 -8.0

Human TRPC5 6YSN —4.2 -4.5 =5.0+
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Figure 3. Predicted docking poses of cannabinoids in TRP ion channels generated using Autodock Vina. (a) Rat
TRPV1 (PDB ID: 3]5Q), (b) Rat TRPV1 (PDB ID: 3J5R), (¢) Human TRPV1 (PDB ID: 6L.93), (d) Human TRPC5

(PDB ID: 6YSN). Receptor structures are shown in cyan ribbon representation, and cannabinoid ligands are

shown in magenta stick format. In all cases, the ligands occupy the hydrophobic transmembrane binding pockets

consistent with known ligand interaction regions, supporting a potential modulatory role in calcium-permeable

channels.
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Figure 4. Two-dimensional interaction maps illustrating predicted molecular contacts and interactions between
cannabinol (CBN) and human TRP channels. (a) Human TRPV1 (PDB ID: 6L.93), (b) Human TRPC5 (PDB ID:
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6YSN). These molecular interaction maps provide structural context that supports the experimentally observed

Ca?* responses obtained from the cell-monitoring assay.

Conclusion

A fluorescence-based intracellular calcium assay was implemented as a cell-monitoring
biosensing platform to evaluate cannabinoid-induced functional responses in U-87 MG glioma cells.
CBC and CBN produced pronounced intracellular Ca?* elevations, whereas CBL induced minimal
responses, demonstrating the assay’s ability to discriminate bioactivity based on functional signaling
output. The strong agreement between experimental Ca?* readouts and molecular docking
predictions highlights the value of integrating computational screening with cell-based biosensing as
an efficient workflow for identifying bioactive compounds.
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