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Abstract

Glioblastoma Multiforme (GBM) represents one of the most aggressive and
metastatic brain tumors, with a dismal success rate of less than three percent
after five years, particularly in tumors with active immune checkpoints. This
necessitates the development of targeted endogenous agents for precise GBM
treatment. Previous experiments utilizing Chemovar Specific Cannabis Ex-
tractions (CSCEs), fractionated with polar solvents and quantified using Liq-
uid and Gas Column Chromatography combined with Mass Spectrometry
(LC/GCMS), have shown reduced viability and motility in human GBM cell
lines. However, the complexity of the botanical substance has hindered the
personalization of standard cannabis medicines for GBM due to unknown
synergistic effects of multiple compounds. To address this limitation, our
study focuses on exposing AM251 cells to chemovar fractions extracted using
a non-polar solvent, thereby isolating a broader spectrum of constituents. By
employing LC/GCMS in conjunction with Nuclear Magnetic Resonance
(NMR), we have identified and quantified nine* compounds present in the
non-polar CSCE that exhibit significant efficacy (0.1 uM) in inducing cyto-
toxicity* in GBM tumor cells. Conversely, the polar fraction in our experi-
ment did not demonstrate efficacy against UM251 cells. The quantification of
individual compounds within a cannabis extraction that selectively induces
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cell death in brain tumors holds promise for guiding future research and faci-
litating the development of a standardized CSCE for GBM therapy.
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1. Introduction

Gliomas, a type of brain tumor, present a significant challenge in the field of oncol-
ogy. Among these tumors, glioblastoma (GBM) stands out as a particularly aggres-
sive and lethal form, classified as a Stage IV glioma according to the World Health
Organization (WHO). Recent advancements in understanding the molecular as-
pects of Central Nervous System (CNS) tumors have led to the inclusion of mole-
cular parameters in their classification, with significant revisions made by the WHO
in 2021 [1] [2]. One prevailing theory gaining support in the scientific community
is the Cancer Stem Cell (CSC) theory, proposing that glioblastomas arise from
glial cells undergoing aberrant differentiation, resulting in the formation of
cancer stem cells. These CSCs are believed to drive tumor initiation and pro-
gression [3] [4]. However, uncovering the precise origins of individual GBM
tumors remains an ongoing research endeavor, urging the need for further
investigation.

In the clinical realm, standardized treatments have shown promising results in
improving survival rates for GBM patients. The current Standard of Care en-
compasses surgical resection, radiation therapy, and chemotherapy, notably em-
ploying daily temozolomide (TMZ) [5] [6]. This combined approach has dem-
onstrated median survival rates of up to 20 months. However, the effectiveness
of treatment is highly dependent on the genetic composition of each tumor, as
specific mutations can confer resistance to therapy [7]. Notably, the presence of
O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation is a
crucial determinant of TMZ efficacy, with GBM lacking this methylation exhi-
biting resistance to the drug [7] [8] [9].

In light of these challenges, novel therapeutic strategies are being explored,
and cannabis metabolites have emerged as a promising avenue. These metabo-
lites have demonstrated the ability to target several druggable mechanisms ob-
served in genotype-specific GBM. Despite these promising findings, additional
research is still needed to establish a replicable and effective therapeutic ap-
proach utilizing cannabis metabolites [10].

Cannabaceae is a Plantae family that includes Cannabis sativa L and compris-
es a unique system of non-polar metabolites. [11] [12] CBGa is a precursor for

naturally occurring phytocannabinoids with a five-carbon chain, and tetrahy-
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drocannabinolic acid (THCa) and cannabidiolic acid (CBDa) are its two primary
metabolites. [13] Cannabis’s non-polar constituents include 180 known phyto-
cannabinoids, 111 terpenes comprising either ten or fifteen carbons, and 121
terpenoids. [14] [15] [16] Fractions containing A’~THCA, CBG, and CBC de-
rived from a crude CSCE produced with polar solvents induced ~90% cell death
in the A172 GBM cell line after 48 hours of exposure. [10]. Through compliant
extraction techniques and LC/GCMS quantification, personalized CSCEs can be
standardized [10] [16] [17] and selected to any of the following GBM-related
mechanisms: promoting 2-AG, ERK via CBrs, or PPARs [18] [19] [20] promot-
ing or down-regulating AKT and cAMP-dependent on allosteric modulation
[21] [22] [23], desensitizing a number of Transient Receptor Potential Channels
(TRPs) [24], inhibiting GPRss [25] [26] or reducing Prostaglandin E2 (PGE,) via
COX-2. [27] [28] [29]

A°tetrahydrocannabinol, a decarboxylated cannabinoid that activates the G
protein-coupled receptors—CB,r and CB,r. [30] [31] It causes notable intoxica-
tion but further promotes angiogenesis, maintains ceramide homeostasis, [32]
and partially inhibits autotoxin. [33] Cannabidiol (CBD), in part and in contrast
to A" THC, reduces calcium current by antagonizing GPRss. [25] CBD negatively
binds to the allosteric pocket in CB,r and CB,r with low efficacy. [34] [35] Nota-
bly, CBD co-administered with an equal ratio of THC did not affect either ERK
or P13K pathways in the ventral hippocampi, in contrast to each cannabinoid
alone. [22] CBD induced autophagy in a neuroblastoma cell line dependent on
ERK1/2 and PI3K/AKT activation. [36] Drug development must, therefore, con-
sider the biased conformational changes downstream of CBr during the treat-
ment of GBM with CSCEs. [10] [18] [22]

CBG weakly binds to CBor, [37] whereas cannabichromene (CBC) and be-
ta-caryophyllene (BCP) are selective CB,r agonists. [37] [38] Glial cells in the ce-
rebellum express CB,r following oxidative stress. [39] [40] [41] [42]. Cannabinoids
downregulate calcium and sodium current via TRP desensitization or inactivation.
[24] CBD induces cell death in glioblastoma by dephosphorylating TRPV1 and in-
hibiting GPRss. [26] TPRV1 strongly cross-talks with PGE,, [43] which is metabo-
lized by COX-2. CBDa, THCa, and CBG inhibit COX-2 with significant efficacy,
which likely mediates GBM proliferation by targeting arachidonic acid metabolism
to PGE,. [27] [29] The development of clinical COX-2 inhibitors to treat glioblas-
toma previously failed due to widespread adverse reactions.

Cannabinoid formulations affect enzymes responsible for the metabolism and
catabolism of endocannabinoids. CBD inhibits FAAH, which metabolizes
N-arachidonoylethanolamine (AEA/anandamide) in the post-synaptic cleft of
CByr. [24] [44] However, glioblastoma does not migrate away from the brain
where 2-AG levels are ~170-fold greater than anandamide. [45] Whole-plant ex-
tracts containing THCa, CBGa, and CBG, but not cannabinoid isolates, inhibit
the serine hydrolase known as MAG]I, which metabolizes 2-AG in the pre- syn-
aptic cleft. [24]
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THC purified from cannabis extracts did not enhance the cytotoxicity of CBG
against glioblastoma, whereas CBG induces cell death in Cancer Stem Cells, tar-
geting treatment-resistant tumors. [26] [46] An earlier clinical trial with canna-
bis containing THC, using TMZ as a control, had cytotoxic effects. [47] To im-
prove on earlier trials, a wide array of bioactive constituents in a whole-plant
extract standardized with non-polar extraction quantified with LC/GCMS
coupled with NMR can replicate positive results against GBM. [10] Consistent
co-administration of antagonist/agonist functions, alongside appropriate allos-
teric control of CB1 receptor signaling, has potential viability as a treatment for
Stage Four 4 Gliomas and GBM with whole-plant CSCEs.

2. Material and Method
2.1. Chemicals and Reagents

Mass spectrometry grade formic acid, methanol, hexane and acetonitrile (methyl
cyanide) were procured from Fisher Scientific (Waltham, MA). Optima grade
water was used for GC-MS analysis. Acquity ultra-high-performance liquid
chromatography (UPLC) BEH C18 analytical column and Vanguard pre-column
for chromatography were obtained from Waters Corp., Waltham, MA. Cannabis
dry flower samples were obtained from local hemp stores in Wingate, NC, USA.
These products were stored at —20°C until further analysis. Deuterated chloro-
form (CDCl;) with 1 v/v% TSP was obtained from Acros Organics, NJ, USA.

2.2. Sample Preparation

1) Extraction: Dried cannabis flower was milled into a powder using a
high-speed multifunction grinder (HC-1500Y). In an Eppendorf, 0.5 ml miscible
of 0.33 ml methanol and 0.17 ml water were combined with 0.5 ml of chloro-
form and added to 0.04 g to 0.06 g of milled cannabis. The Eppendorf was then
placed into a vortex shaker for five minutes before placement into a Micro 2 L
centrifuge at a speed of 14.8 x 10° RPM at ambient temperature for 10 min. The
resulting solute was separated into a: Top (polar), bottom (non-polar), and mid-
dle (solid) layer. The top layer is polar and contains the Methanol/water solvent.
The bottom layer is non-polar and contains the chloroform solvent. The middle
layer (solid) dissolves exclusively in DMSO. The organic phase was transferred
into a separate Eppendorf with a micro-pipette and placed into a Savant Speed-
Vac SPD1030 integrated Vacuum concentrator at ambient temperature and a
pressure of 6 torr for 4 - 6 hrs.

2) GCMS: The non-polar sample was dissolved in hexane and injected into a
DB-1HT MS capillary column with 2 pl of helium gas as a carrier. For MS detec-
tion, ionization energy (IE) of 70 eV was used at the source temperature, and
analytes were scanned using a Shimadzu GCMS-QP2010S.

3) UPLC-MS/MS: The resulting extract was shaken in the Vortex for 1 min
and filtered through a 0.22 um filter unit. The solute was diluted to a ratio of
1:100 and 100 pl of sample was transferred to LCMS vials and centrifuged for 5
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min. The Linear Gradient consisted of eluant (I) at 50% and (II) at 50% for 1
min, II for 8 min at 100%, II for 3 min at 50%, and equilibrated for 2 min. The
program ran for 13 min at a flow rate of 5 ml/min. 0.5 pL of the sample was in-
jected, and UPLC was then quantified using an ACQUITY-Target Lynx.

4) NMR: The non-polar phase was dissolved in deuterated chloroform
(CDCl;) with 1% TSP as an internal reference at 0 PPM. The Bruker Ascend 400
MHz spectrometer recorded NMR spectra at 25°C. Mixing times used in the
analysis varied between 0.03, 0.08, and 0.12 seconds, with the number of scans
set to 256. Signals from protons in the sample were obtained by selectively ex-
citing a spin-coupled proton whose resonance corresponds to a narrow PPM re-
gion of the 1D spectrum in each spectrum. A standard non-phase sensitive se-
quence (2D) homo-nuclear shift correlation generated two-dimensional NMR
experiments, with data gathered by 2kX256 data points matrix.

2.3. Instrumental

1) GC-MS: A Shimadzu GC-MS-QP 2010S generated the GC-MS data. Phys-
ical specifications for the DB-1HT MS capillary column used for GC were as
follows: 30.0 m length, 0.25 mm i.d., 0.10 um film thickness. The temperature
program was set up from 100°C and programmed to increase to 200°C for 9 min
and remained for 4 min and then to 300°C for 7 min and remained for 21 min
for a total program time of 45.67 min. Both the injector and detector tempera-
tures were 260°C. The mass spectroscopy detector used Ionization Energy (IE),
with a source temperature of 260°C and a scan range set to 40 - 600 AMUs.

2) Liquid chromatographic (LC) conditions: Analytes were separated on an
Aquity U-PLC BEH C18 analytical column (2.1 x 100 mm, 1.7 pm particle size,
130 A pore size) preceded by an Acquity U-PLC BEH C18 VanGuard
pre-column (2.1 X 5 mm, 130 A). The flow rate was kept at 0.5 mL/min. The au-
tosampler was maintained at 10°C throughout the analysis, and the analytical
column was maintained at 45°C. The mobile phases consisted of 0.1% formic
acid in water (I) and 0.1% formic acid in acetonitrile (IT), and an ACQUITY-
Target Lynx was used for to quantify the UPLC samples.

Mass spectrometry conditions: Quadrupole Time-of-flight tandem mass spec-
trometer system (Waters SYNAPT G2-Si Q-ToF parameters were optimized us-
ing tandem MS (MS/MS) ions for each standard solution of c. Sativa metabolites
in the positive and negative modes. The method was validated and followed
FDA guidelines. Electrospray ionization (ESI) in positive and negative modes
was used to quantify the analytes’ tandem MS/MS transitions. A total ion chro-
matogram (TIC) was used to quantify the analytes (Table 1). Mass spectrometry
parameters included capillary voltage 1.50 kV, collision gas flow 0.15 mL-min™,
extractor voltage 3 V, desolation temperature 500°C, source temperature 150°C,
and desolation gas flow 1000 L/h, and the MS scan was 50 - 1200 m/z. MSMS
mode For MSE experiments, one acquisition function with different collision
energy ramps was used for additional MS/MS experiments with electrospray io-
nization (ESI).
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Table 1. Summarizes the LC-MS, GCMS, and NMR results for the identified compounds in the non-polar extract of cannabis

sativa.
Compound Chemical Structure ~ Chemical Formula RT (min) [M + H]"* (m/z) LCMS GCMS NMR
OH
\
Cannabigerol (CBG) Ho C21H30: 4.6 317.2410 > 180.1375  Yes Yes  Yes
|
Hac)?”“ oH
Cannabicyclol (CIC) & ' C21H300:2 5 315.8131 > 245.1577 Yes Yes  Yes
o Chy
HC
Cannabichromene [
C21H3002 6 313.1870 > 214.1724 Yes Yes  Yes
(CBC)
HO
a-Eudesmol ! CisHa260 10 221.8950 > 163.1525  Yes Yes  Yes
i OH
oL
HOmS—4 />—
a- Bisabolol y C1sH260 9 221.1510 > 99.1425 Yes Yes  Yes
/
Cannabidiol(CBD) C21H300:2 4.5 315.4691 > 181.1275 Yes Yes  Yes
Cannabiripsol (CBR) C21H304 4.5 349.2361 > 279.1576 Yes Yes  Yes
Cannabitriol(CBT) C21H3004 6.2 347.4692 > 277.1475 Yes Yes  Yes
o
Hedione Ci13H20s 8.1 227.3121 > 154.1575 Yes Yes  Yes

3) NMR: The NMR spectra were recorded on a Bruker Ascend 400 MHz
spectrometer. Standard 1D NOESY pulse sequence was used to acquire the 'H
spectrum. 1D selective TOCSY data were collected using homonuclear Hart-
man-Hahn (HOHAHA) transfer pulse sequence where MLEV17 sequence was
used for mixing and the selective excitation was obtained using a shaped pulse
and Z-filter”. The data were processed with LB of 0.1 - 1.0 Hz. Data were col-
lected with 2kX256 data points matrix. The data was processed with window
functions that included: F2 dimension sine bell, with line-broadening of 02 Hz.
F1 dimension (second dimension) sine bell, with line-broadening of 0.1 Hz. The
Gaussian maximum position was 0.05 (F2) and 0.1 (F1), and the data were ze-
ro-filled to 2KX1K data points. Phase-sensitive homonuclear Hartman-Hahn
(HOHAHA) transfer acquired the Total TOCSY spectrum with an MLEV17 se-

quence for mixing. Single quantum correlation (SQC) data of 'H- *C was ac-
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quired using the phase sensitive, 2D H-1/X correlation via double inept transfer
with sensitivity improvement pulse sequence. Data was acquired as 2KX256 data

points and zero-filled to 2KX1K data points.

2.4. Biological Activity of Cannabis Extracts on Glioblastoma Cell
Line Culture

Each compound was dissolved in respective amounts of DMSO and transferred
to a tube with known mass. The tubes were spun at 3000 RPM for 5 min (with
DMSO and pellet) and superannuant was reserved and tested on cells. Each su-
pernatant sample was placed into a different microfuge tube with a known mass.
The open microfuge tubes containing the pellets were placed on a 37°C heat
block so that any leftover DMSO would evaporate. Eventually, the mass was ob-
tained for compounds 1 and 2. We used the maximum amount of DMSO con-
taining compound the cells would tolerate (1%) and used 1:10 further dilutions.
Compound #2 or the non-polar layer was further tested with a 1:2 serial dilution
of DMSO concentration starting at 1% DMSO.

3. Result and Discussion

The results presented in the scientific paper describe the instrumental methods
and conditions used for the analysis of cannabis extracts and their biological ac-
tivity on glioblastoma cell lines. The paper employed three different instrumen-
tal techniques: gas chromatography-mass spectrometry (GC-MS), liquid chro-
matography-mass spectrometry (LC-MS), and nuclear magnetic resonance
(NMR).

Gas chromatography-mass spectrometry (GC-MS) has emerged as a powerful
analytical technique for identifying chemical compositions in various samples.
By coupling gas chromatography with mass spectrometry, GC-MS allows for the
separation and detection of complex mixtures of compounds present in a sam-
ple. The gas chromatograph separates the components based on their volatility,
while the mass spectrometer identifies and quantifies individual compounds by
measuring their mass-to-charge ratios. GC-MS analysis generates large datasets
consisting of mass spectra, retention times, and peak intensities, which can be
further processed and analyzed using advanced data analysis techniques. These
datasets provide valuable information about the chemical composition of sam-
ples, enabling researchers to identify specific compounds, detect impurities, as-
sess sample purity, and explore the metabolic profile of biological samples. The
utilization of GC-MS in conjunction with comprehensive data analysis tech-
niques facilitates the understanding of complex chemical systems, leading to ad-
vancements in various fields, including environmental analysis, forensic science,
pharmaceutical research, and metabolomics.

In the GC-MS analysis, a Shimadzu GC-MS-QP 2010S instrument was used
with a DB-1HT MS capillary column. The temperature program involved a gra-
dual increase from 100°C to 200°C, followed by further increases to 300°C. The
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mass spectroscopy detector used ionization energy (IE) with a source tempera-
ture of 260°C. The scan range was set to 40 - 600 atomic mass units (AMUs).
The chromatogram obtained from the GC-MS analysis is shown in Figure 1,
demonstrating the compounds and metabolites present in the organic extract of
cannabis flower (Table 1). GC-MS analysis was performed to obtain a chroma-
togram of compounds and metabolites in the organic extract of cannabis flower.
The obtained chromatogram provides a visual representation of the compounds
present in the extract. This analysis complements the NMR data and further
confirms the presence of Cannabidiol (CBD), Cannabicyclol (CBL), Cannabich-
romene (CBC), Cannabiripsol (CBR), Cannabitriol (CBT), and a-Bisabolol are
the most abundant in the extract.

Liquid chromatography-mass spectrometry (LC-MS) has become an indis-
pensable tool in modern analytical chemistry for identifying chemical composi-
tions. LC-MS combines the separation power of liquid chromatography with the
sensitive and selective detection capabilities of mass spectrometry. By analyzing
the parent ions, daughter fragmentations, and retention times of compounds,
LC-MS allows for the confirmation of the identity of each compound. The par-
ent ions provide information about the intact molecular species, while the
daughter fragmentations offer insights into the structural characteristics of the
compounds. Additionally, the retention times obtained from the chromato-
graphic separation aid in distinguishing between different compounds with sim-
ilar mass spectra. Together, these features enable researchers to confidently

identify and characterize a wide range of chemical compounds using LC-MS.

7es7.68
dir7.75
T 7se
7. Q

791
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27 8.04
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AT 9-10go

T T T T T T T T T T T T T T T T T T T T T T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.0010.5011.0011.5012.0012.50

Time (min)

Figure 1. The chromatogram of the compounds and metabolites in the organic (Chloroform) extract of cannabis flower in GCMS.
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LC analysis, an Aquity U-PLC BEH C18 analytical column was used, preceded
by an Acquity U-PLC BEH C18 VanGuard pre-column. The mobile phases con-
sisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile. The LC
analysis was coupled with a mass spectrometer (LC-MS) using a Waters
SYNAPT G2-Si Q-ToF tandem mass spectrometer system. The LC-MS condi-
tions were optimized using tandem MS/MS ions for each standard solution of
cannabis metabolites.

The LC-MS chromatogram is shown in Figure 2, which represents the chloro-
form extract. Table 1 summarizes the LC-MS results, including the retention time,
m/z values for parent and daughters’ fragmentations. The UPLC-MSMS analysis
using chloroform/methanol/water extraction also provided a chromatogram in
Figure 2, that represents the compounds present in the extract. This technique al-
lowed for the identification of Cannabigerol (CBG), Cannabicyclol (CBL), Canna-
bichromene (CBC), a-Eudesmol, a-Bisabolol, Cannabidiol (CBD), Cannabiripsol
(CBR), Cannabidiol (CBT), and Hedione in the extract. The results from UPLC-
MSMS corroborate the findings from NMR and GC-MS analyses, further con-
firming the presence of these compounds in the cannabis extract.

One approach to gaining insights into the chemical composition and structur-
al elucidation of organic extracts is through the utilization of proton nuclear
magnetic resonance spectroscopy (1H-NMR) and Selective Total Correlation
Spectroscopy (TOCSY). 1H-NMR allows for the identification and quantifica-
tion of various organic compounds based on their unique proton chemical
shifts, providing valuable information about the functional groups present in the
extract. Selective TOCSY, on the other hand, aids in the determination of con-
nectivity between protons, enabling the assignment of complex proton spin sys-
tems and facilitating the elucidation of molecular structures. Together, these
techniques offer a powerful toolset for characterizing and understanding the
complex mixture of organic compounds present in an extract, paving the way for

further investigations in fields such as natural product discovery and environ-

mental analysis.

T T T T T
4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Time/ min

Figure 2. The chromatogram of the compounds in the organic extract of cannabis flowers in UPLC-MSMS using chloro-

form/methanol/water extraction, and the chromatogram represented LCMS of chloroform extract.
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'"H-NMR spectrum was acquired using a standard pulse sequence, while 2D

experiments, such as TOCSY, were performed to acquire additional spectral in-

formation. The NMR data provided structural information and confirmation of
the identified compounds in Table 1. The NMR analysis allowed for the identi-
fication of several compounds based on their respective chemical shifts. The

chemical shifts observed at 7.26 ppm and 3.49 ppm corresponded to Cannabi-

diol (CBD), indicating the presence of this compound in the sample. Other
compounds identified by NMR included Cannabicyclol (CIC), a-Eudesmol,
Cannabigerol (CBG), Cannabichromene (CBC), Cannabiripsol (CBR), Cannabi-
diol (CBT), Hedione, and Alpha-Bisabolol. The NMR data provides valuable in-

formation about the chemical shifts and allows for the identification of specific

compounds in the extract (Figure 3).
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Figure 3. '"H-NMR and Selective TOCSY of organic extract spectrum. Selective TOCSY of the compounds (1-9) showing
specific protons and chemical shifts. (a) compounds CBC, CIC; (b) CBG, CBR; (¢) CBT, a-Eudesmol; (d) CBD, a-Bisabolol,
Heidone.

The biological activity of cannabis extracts on glioblastoma cell lines was eva-
luated. The extracts were dissolved in dimethyl sulfoxide (DMSO) and tested on
cells. The non-polar extract

Non-polar extract showed a potent cytotoxic effect on the U250 glioblastoma

cell line, while no toxic effects were observed with the polar and middle-layer
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Figure 4. A: Pharmacological activity of cannabis sativa extracts in
polar and non-polar solvents and the middle-layer extracts. Those
extracted were tested and incubated with two different glioblastoma
cell line cultures U250 1. The figure shows that non-polar extract has
potent cytotoxic effect on U250 cell line culture, however, we did not
see any toxic effect on cancer cell line culture using polar and mid-
dle-layer extracts.

extracts. This research explores the potential anti-cancer properties of various
compounds found in cannabis extracts, including Cannabidiol (CBD), Canna-
bicyclol (CIC), Cannabiripsol (CBR), and Alpha-Bisabolol, Cannabigerol (CBG),
Cannabichromene (CBC), and Cannabitriol (CBT). CBD, extensively studied,
has shown promise in preclinical models, with studies suggesting its anti-cancer
effects on glioblastoma cell lines by inducing apoptosis and inhibiting cell
growth and migration. Similarly, CBG, CBC, and CBT have demonstrated po-
tential anti-cancer properties, particularly concerning glioblastoma cells, in
preclinical studies. However, it is crucial to note that evidence is still prelimi-
nary, and further research, including clinical trials, is required to establish the
safety and efficacy of these compounds for glioblastoma treatment. These results
are depicted in Figure 4, illustrating the pharmacological activity of cannabis

extracts on glioblastoma cell cultures.

4. Conclusion

The presented results provide valuable insights into the chemical composition of
cannabis extracts and their potential pharmacological activities. The instrumen-
tal analysis techniques, namely Nuclear Magnetic Resonance (NMR), Gas
Chromatography-Mass Spectrometry (GC-MS), and Ultra-Performance Liquid
Chromatography-Mass Spectrometry (UPLC-MSMS), were employed to identify
and characterize various compounds present in the extracts. The instrumental
analysis techniques of GC-MS, LC-MS, and NMR have provided valuable in-
sights into the chemical composition and structure of cannabis extracts. GC-MS
analysis revealed the presence of various compounds and metabolites in the or-
ganic extract of cannabis flowers. LC-MS analysis allowed for the identification

and quantification of specific compounds, including amino acids and cannabi-
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noids. NMR analysis further confirmed the presence of these identified com-
pounds. Biological activity testing on glioblastoma cell lines demonstrated that
the non-polar extract exhibited a potent cytotoxic effect on the U250 cell line,
indicating its potential as an anticancer agent. However, the polar and mid-
dle-layer extracts did not exhibit any toxic effects on the tested cell lines. These
findings significantly contribute to our understanding of the chemical composi-
tion and biological activity of cannabis extracts, particularly in relation to gliob-
lastoma cell lines. Further research and investigations are necessary to explore
the mechanisms of action and potential therapeutic applications of these ex-
tracts. The pharmacological activity of cannabis sativa extracts on glioblastoma
cell lines was discussed, revealing that the non-polar extract displayed a potent
cytotoxic effect on the U250 glioblastoma cell line. This suggests that the
non-polar extract may possess anti-cancer properties, specifically targeting the
U250 glioblastoma cell line. In summary, the instrumental analysis techniques of
NMR, GC-MS, and UPLC-MSMS provided comprehensive information on the
chemical composition of cannabis extracts. The identified compounds, such as
Cannabidiol (CBD), Cannabicyclol, Cannabichromene, Cannabiripsol (CBR),
Cannabidiol (CBT), and Alpha-Bisabolol, hold potential therapeutic and phar-
macological implications. Further investigations are warranted to explore the
specific mechanisms of action and potential applications of these compounds in

various medical and pharmaceutical contexts.
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