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Abstract: Cannabis sativa L. is a significant plant widely used for both medicinal and
recreational purposes. Previous studies have reported that the secondary metabolites of this
plant continue to play a crucial role in drug research and development. This study aims
to investigate bioactive compounds in the n-hexane fraction obtained from the ethanolic
extract of C. sativa flowers. The isolation yielded eight compounds (1–8), including one new
compound (1). Their chemical structures were elucidated by 1D and 2D NMR, HR-ESI-MS,
and comparisons with previously reported data. The results of the preliminary biological
evaluation revealed that compounds 2–4 and 8 suppressed the proliferation of SK-N-SH
cells at 10 μM. Notably, compound 4 displayed the strongest activity, with an IC50 value of
22.53 ± 1.92 μM, suggesting its potential as a candidate for the development of neuroblastoma
cell proliferation inhibitors. In addition, compounds 1–8 were also evaluated for antioxidant,
tyrosinase, elastase, and collagenase inhibitory activities. Among them, compound 1 showed
the highest antioxidant activity, inhibiting 50.89% at 100 μM, compared with ascorbic acid.
Compounds 1–3 and 6–8 also demonstrated elastase inhibitory activity, with inhibition rates
ranking from 49.95% to 56.68% at 1 mM, relative to oleanic acid as a positive control. Similarly,
compounds 1, 3, and 5 inhibited collagenase, with inhibition rates ranging from 55.34% to
73.17% relative to EGCG as a positive control. However, all compounds displayed relatively
weak tyrosinase inhibitory effects, with inhibition ranging from 5.22% to 31.02%. This study
also represents the first published evaluation of the inhibitory activities of isolated compounds
from C. sativa flowers against tyrosinase, elastase, and collagenase.
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1 Introduction
The genus Cannabis (Family Cannabaceae) comprises
three species: Cannabis indica, C. sativa, and Cannabis
ruderalis (Pollio, 2016; Schluttenhofer & Yuan, 2017; Kanabus
et al., 2021; Pellati et al., 2018). Among them, C. sativa is a
dioecious plant widely distributed worldwide. It has been

recognized as a traditional medicinal ingredient and as
a psychoactive medication (Pellati et al., 2018). C. sativa
has chemical constituents, the most well-characterized of
plant species (Taglialatela-Scafati et al., 2010). According to
many studies, the phytochemical composition of C. sativa
includes cannabinoids, flavonoids, stilbenoids, terpenoids,
alkaloids, and lignans (Flores-Sanchez & Verpoorte,
2008). Cannabinoids are considered the major chemical
components in C. sativa, with approximately 120 compounds
identified (Schurman et al., 2020; Qian et al., 2024). These
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are classified into 11 groups based on their structure
(García-Gutiérrez et al., 2020). They are terpene phenolic
compounds that exert pharmacological activity. Specifically,
Δ9-tetrehidrocannabinol (THC) was found at 4.1% in the
n-hexane fraction and 7.8% in the acetyl acetate fraction
(Tapia-Tapia et al., 2024). It has been shown to inhibit cell
proliferation and migration, and to slow tumor progression
in mice by inhibiting the AKT and MAPK pathways
(Leelawat et al., 2022). C. sativa extract rich in cannabinoids
has been considered potentially useful in the treatment of
Alzheimer’s disease (Mooko et al., 2022) and in the protection
against oxidative damage (Kopustinskiene et al., 2022). In
fact, the products rich in psychoactive THC can be used
for both medicinal and recreational purposes (Pellati et al.,
2018). Scientific data also reported that cannabidiol (CBD)
is a potential compound for the treatment of analgesic,
neuroprotective, anticonvulsant, antiemetic, spasmolytic,
and anti-inflammatory conditions (Kopustinskiene et al.,
2022). In addition, CBD has also been evaluated as a
potential new drug for the treatment of psychiatric and
anxiety-related disorders (García-Gutiérrez et al., 2020).
In addition, the compounds belonging to the cannabinoid
family, such as cannabichromene (CBC), cannabigerol
(CBG), cannabinol (CBN), tetrahydrocannabivarin (THCV),
tetrahydrocannabinolic acid (THCA), cannabidavarin
(CBDV), and cannabidiolic acid (CBDA), have demonstrated
a wide range of therapeutic effects. These include antioxidant,
anti-inflammatory, anticonvulsant, antipsychotic, antifun-
gal, anticancer, antidepressant, antierythemic, analgesic,
antibiotic, anticonvulsant, immunomodulatory, neuropro-
tective, antineoplastic, and antiemetic properties (Odieka
et al., 2022). However, in addition to cannabinoids, terpenes
have also garnered significant interest from scientists
(LaVigne et al., 2021). These terpenes have been evaluated
for their biological activities through in vitro studies, animal
models, and clinical trials. They have shown potential for a
variety of therapeutic effects, including anti-inflammatory,
antioxidant, analgesic, anticonvulsive, anticancer, and
antitumor activities (Nuutinen, 2018; Lowe et al., 2021).
In our previous studies, we identified several cannabinoid
compounds with strong inhibitory effects on neurblastoma
cells, isolated from the ethyl acetate fraction of C. sativa
(Nguyen et al., 2025). Recognizing the therapeutic potential
of these cannabinoids, we extended our investigation to
the n-hexane fraction to identify additional compounds
with inhibitory activity against neuroblastoma cells. Here,
we report the isolation of cannabinoids, alkaloids, and
sesquiterpenoids from the n-hexane fraction of the ethanol
extract obtained from the flowers of C. sativa. These
compounds were evaluated for antioxidant, antitumor,
anti-tyrosinase, anti-elastase, and anti-collagenase activities.

2 Materials and Methods
2.1 Plant Materials
The flowers of C. Sativa were collected in 2023 from Nongboo
Mind Co., Ltd., Korea, and were identified by Prof. Chul Min

Kim (Division of Horticulture Industry, Wonkwang Univer-
sity). A voucher specimen (WKU-25) has been deposited
at the Pharmacognosy Laboratory, College of Oriental
Medicine, Wonkwang University, Chon-bukllo, Korea.

2.2 Cell Culture
Human neuroblastoma SK-N-SH cells were obtained from
the Korean Cell Line Bank (Seoul, Korea). The cells were
cultured in Minimal Essential Medium (MEM; Gibco, Carls-
bad, CA, USA) supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Gibco), 100 units/mL penicillin G, and
100 mg/mL streptomycin (Gibco) at 37○C in a humidified
atmosphere containing 5% CO2. Cells were seeded into 96-
well plates at a density of 5 × 104 cells/mL. All experiments
were conducted 24 hours after cell seeding.

2.3 DPPH Radical Scavenging Assay
The spectrophotometric DPPH (2,2-diphenyl-1-picryl-
hydrazyl) radical scavenging assay was conducted to evaluate
the antioxidant activity of the isolated compounds (Hering
et al., 2023). Briefly, 20 μL of each test compound (1–8)
and the standard ascorbic acid, all at a concentration of
100 μM, were mixed with 80 μL of DPPH solution (200 μM
in methanol) in a 96-well microplate. The mixture was
incubated at 37○C for 30 minutes in the dark. The absorbance
was measured at 517 nM using a microplate reader. The
control consisted of 80 μL of DPPH solution and 20 μL
of methanol. Ascorbic acid was used as a positive control.
DPPH radical scavenging activity was calculated according
to the following equation:

DPPH inhibition (%) = (
Acontrol − Asampl e

Acontrol
) × 100%

where:
Acontrol is the absorbance value of the control reaction

(without inhibitor)
Asampl e is the absorbance value of the test compound (with

inhibitor).

2.4 Cell Viability Assay
Cell viability was assessed in a 96-well plate using a colori-
metric 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) assay, which measures mitochondrial activ-
ity in living cells. Briefly, SK-N-SH cells were incubated
with various concentrations of the compounds (2.5–10 μM)
or DMSO for 24 hours, followed by incubation with MTT
(1 mg/mL) for 3 hours at 37○C. After incubation, the MTT
solution was gently removed, and 100 μL of DMSO was added
to each well to dissolve the dark-blue formazan crystals
formed by viable cells. Absorbance was measured at 540 nM
using a microplate ELISA reader (BioTek Epoch, Vermont,
USA). Cell viability in DMSO-treated cells was defined as
100%.
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2.5 Tyrosinase Inhibitory Assay
The tyrosinase inhibition assay was conducted as previously
described (Kim et al., 2017; Yang et al., 2022). Briefly, 130 μL
of tyrosinase (approximately 46 units/mL) prepared in 0.05
mM phosphate buffer (pH = 6.8), was added to each well
of a 96-well microplate. Then, 20 μL of each test compound
(1 mM) was introduced. Afterward, the enzymatic reaction
was initiated by adding 50 μL of 1.5 mM L-tyrosine substrate
(also prepared in phosphate buffer). The reaction mixtures
were incubated at room temperature, and absorbance was
monitored at 475 nM for 20 min using a UV-Vis spectropho-
tometer.

The tyrosinase inhibitory activity was calculated using the
following formula:

Inhibition activity rate (%) = (
Acontrol − Asampl e

Acontrol
) × 100%

where:
Acontrol is the absorbance value of the control (without

inhibitor)
Asample is the absorbance value of the sample (with

inhibitor).

2.6 Elastase Inhibitory Assay
The elastase inhibition assay was conducted as previously
described (Kim et al., 2024) with slight modifications. Briefly,
140 μL of 0.1M Tris-HCl buffer (pH = 8.0) was added to
each well of a 96-well microplate. Then, 20 μL of each test
compound (1 mM) and 20 μL of elastase (0.34 unit/mL)
were incubated at 25○C for 15 minutes. Then, 20 μL of
N-succinyl-Ala-Ala-Ala-p-nitroanilide (1 mM prepared in
Tris-HCl buffer) was added, and the mixture was further
incubated at 25○C for 20 minutes. The absorbance was
recorded at 410 nM using a UV-Vis spectrophotometer for
30 min at 60s intervals.

The elastase inhibitory activity was calculated using the
following formula:

Inhibition activity rate (%) = (
Acontrol − Asampl e

Acontrol
) × 100%

where:
Acontrol is the absorbance value of the control (without

inhibitor)
Asample is the absorbance value of the sample (with

inhibitor).

2.7 Collagenase Inhibitory Assay
The collagenase inhibitory activity was evaluated as previ-
ously described (Kim et al., 2024) with slight modifications.
Briefly, 20 μL of 0.5 mM tricine buffer (pH 7.5) was added to
each well of a 96-well microplate. Then, 20 μL of each test
compound (1 mM) and 20 μL of collagenase (1.0 U/mL, pre-
pared in tricine buffer) were added, followed by incubation at
37○C for 20 minutes. After 20 μL FALGPA (2 mM) was added,

the absorbance was recorded at 435 nM using a UV-Vis spec-
trophotometer maintained at 37○C. EGCG (Epigallocatechin
gallate) was used as a positive control, and 50 mM tricine
buffer was used as a negative control.

The collagenase inhibitory activity was calculated using the
following formula:

Inhibition activity rate (%) = (
Acontrol − Asampl e

Acontrol
) × 100%

where:
Acontrol is the absorbance value of the control (without

inhibitor)
Asample is the absorbance value of the sample (with

inhibitor).

2.8 Extraction and Isolation of Compounds
The dried flowers of C. sativa (3.2 kg) were extracted twice
with ethanol (EtOH, 10 L × 2) at room temperature. The
EtOH extracts were concentrated under reduced pressure
to yield a brownish slurry (767.0 g). This EtOH extract was
suspended in distilled water (1 L) and successively partitioned
with n-hexane (3 L × 3) and ethyl acetate (EtOAc, 3 L × 3),
yielding n-hexane (311.4 g) and EtOAc (40.0 g). The n-hexane
fraction was subjected to silica gel column chromatography
(10 × 60 cm), eluted with a stepwise gradient of n-hexane-
EtOAc (4:1, 3:1, 2:1, 1:1, 1:2, v/v) to afford six subfractions
(H1-H6). Fraction H5 (26.4 g) was further separated by silica
gel column chromatography (5× 30 cm) and using n-hexane-
EtOAc (1:0 → 1:2, v/v) to give eight subfractions (H5-1 to
H5-8).

Fraction H5-1 (13.2 g) was subjected to reversed-phase
YMC RP-C18 column chromatography (5 × 30 cm), eluted
with MeOH-H2O (1:1→1:5, v/v), to afford six subfractions
(H5-1-1 to H5-1-6). Fraction H5-1-4 (0.83 g) was purified
by silica gel column chromatography (3 × 60 cm), yielding
compound 5 (15.0 mg), 6 (20.8 mg), and two subfractions
(H5-1-4-1 and H5-1-4-2). Subfraction H5-1-4-2 (120.0 mg)
was purified by semi-preparative HPLC using a CAPCELL
PAK C18 type MG column (5 μM, 150 × 20 mm) at a flow rate
of 4 mL/min. The mobile phase consisted of a MeCN-H2O
gradient (50%–100% MeCN over 60 min), obtaining com-
pounds 8 (10.4 mg, tR = 45.5 min), 4 (6.0 mg, tR = 54.0 min),
and 2 (19.1 mg, tR = 55.5 min). The fraction H5-3 (3.0 g)
was separated by YMC RP-C18 column chromatography
(3 × 60 cm), eluted with MeOH-H2O (4:1, v/v), to yield four
subfractions (H5-3-1 to H5-3-4). Fraction H5-3-2 (104.8 mg)
was continuously purified by semi-preparative HPLC (CAP-
CELL PAK C18 type MG, 5 μM, 150 × 20 mm, flow rate
4 mL/min) using a MeOH-H2O gradient (85%–100% MeOH,
over 60 min) to afford compound 7 (43.3 mg, tR = 41.5 min).
min 3 (9.3 mg, tR = 43.5 min) was isolated from subfraction
H5-3-3 (22.8 mg). Lastly, compound 1 (25.0 mg) was obtained
from subfraction H5-3-4 (119.0 mg) by silica gel column
chromatography (3 × 60 cm), eluted with n-hexane-EtOAc
(1:1, v/v).
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2.9 Mosher’s Method
The configuration of the C-2 chiral center in compound 1 was
determined by Mosher’s method (Ohtani et al., 1991; Quang
et al., 2018). To a solution of 1 (1 mg) in CHCl3 (1 mL) were
added (R)-MTPA or (S)-MTPA Cl (5 μL) and 1 mg of 4-
dimethylaminopyridine (DMAP). After stirring at ambient
temperature for 24 h, the reaction mixture was evapo-
rated to dryness (1-S or 1-R). After drying the solution in
the rotavapor, the residue was purified with reverse-phase
HPLC (CAPCELL PAK C18 type MG, 150 × 20 mm, 5 μM,
4.0 mL/min, UV detection at 254 nM) using a gradient
solvent system (0–50 min: 60%–100% CH3CN). The S-MTPA
ester (ester 1S, 1.3 mg) was eluted at 16.2 min. The identical
procedure was carried out to obtain R-MTPA ester (ester 1R,
1.3 mg), 17.1 min. (see Supplementary data S37).

3 Results and Discussion
3.1 Structure Elucidation of Isolated Compounds
Compound 1 was obtained as a white powder. Its molecular
formula was established as C14H19NO3 based on the
HRESIMS ion at m/z 250.1444 [M+H]+, consistent with the
calculated mass of m/z 250.1443 (see Supplementary data S1)
and corroborated by the 13C NMR data (Table 1). The 1H and
13C NMR spectra of 1 (Table 1) revealed the presence of five
methylene groups at δH 1.14 (2H, m, H-5), 1.67 (2H, m, H-3),
1.98 (2H, t, J = 7.6 Hz, H-3′), 2.73 (2H, m, H-4), and 2.75
(2H, t, J = 7.6 Hz, H-4′), corresponding to carbon signals at
δC 29.0, 30.8, 35.4, 29.4, and 31.4, respectively, which were
confirmed by the HMQC spectrum (see Supplementary
data S6). In addition, a methine signal appeared at δH 3.98
(1H, s, H-2), δC 65.3; and a methoxy group δH 3.66 (3H, s),
δC 55.3. The aromatic region showed signals indicative of
a 1,3,5,6-tetrasubstituted aromatic ring: δH 6.23 (d, J = 2.2
Hz, H-5′), 6.19 (d, J = 2.2 Hz, H-7′), with corresponding
carbon signals at δC 146.5 (C-10′), 101.5 (C-5′), 160.8 (C-6′),
101.2 (C-7′), 155.5 (C-8′), 130.0 (C-9′). These assignments
were further supported by key HMBC correlations: from
H-5′ (δH 6.23) to C-4′ (δC 31.4), C-7′ (δC 101.2), and C-9′
(δC 130.0); and from H-7′ (δH 6.19) to C-8′ (δC 155.5), C-9′
(δC 130.0), and C-5′ (δC 101.5). The methoxy group was
confirmed to be located at the C-6′ position based on the
HMBC correlation from the methoxy protons (δH 3.66) to
C-6′ (160.8). Furthermore, the structure of 1 was further
elucidated through 2D NMR experiments, including COSY,
HMQC, and HMBC spectra. The combined HMBC and
COSY correlations (Figure 1) indicated that a cyclopentane
ring was spiro-fused to the 1,2′-position of a (1′H)-quinoline
skeleton. Specifically, HMBC correlations were observed
from protons H-3′ (δH 1.98) and H-4′ (δH 2.75) to C-1 (δC
49.2), and C-5 (δC 29.0). Additionally, correlations from
H-5 (δH 1.14) to C-3′ (δC 35.4), C-1 (δC 49.2), and C-2
(δC 65.3); H-3 (δH 1.67) to C-1 (δC 49.2) supported the
connectivity (see Supplementary data S7). To determine
the absolute configuration at the C-2 position, Mosher’s
method was performed to prepare both the (S)-MTPA
and (R)-MTPA esters (Ohtani et al., 1991). The differences
in proton chemical shifts observed in the NMR spectra

Table 1. 1H and 13C NMR spectroscopic data of 1
(400/100 MHz in acetone-d6, δ in ppm, J in Hz)

Position 1

δH (J in Hz) δC
1 – 49.2
2 3.98 (1H, brs) 65.3
3 1.67 (2H, m) 30.8
4 2.73 (2H, m) 29.4
5 1.14 (2H, m) 29.0
1′ – –
2′ – –
3′ 1.98 (2H, t, 7.6) 35.4
4′ 2.75 (2H, t, 7.6) 31.4
5′ 6.23 (1H, d, 2.2) 101.5
6′ – 160.8
7′ 6.19 (1H, d, 2.2) 101.2
8′ – 155.5
9′ – 130.0
10′ – 146.5
OCH3 3.66 (3H, s) 55.3

Δδ = δS-δR > 0 or Δδ = δS-δR < 0 led to draw an exact
conclusion of the absolute configuration at C-2, which was
assigned as R (see Supplementary data S36). From the above
evidence, the structure of 1 was identified as 3′,4′-dihydro-6′-
methoxyspiro[cyclopentane-1,2′(1′H)-quinoline]-2R,8′-diol,
a new natural product (Figure 2).

Seven known compounds (2–8) were analyzed by NMR
spectroscopy (see Supplementary data) and identified
by comparison with literature values. These compounds
were identified as Δ9-tetrahydrocannabinol (Δ9-trans-
THC) (Marzullo et al., 2020), cannabigerolic acid (CBGA)
(Ahmed et al., 2008), Δ9-tetrahydrocannabinol (Δ9-
cis-THC) (Schafroth et al., 2021), 7-epi-γ-eudesmol
(Raharivelomanana et al., 1998), α-bisabolol (Lim et al.,
2021), guaiol (Wu et al., 2022), β-eudesmol (Shindo et al.,
2018). These structures were shown in Figure 2.

Compound 2 (Δ9-Tetrahydrocannabinol (Δ9-trans-
THC)): 1H NMR (400 MHz, CDCl3): δH (ppm): 6.14 (1H,
d, J = 1.2 Hz, H-2), 6.27 (1H, d, J = 1.2 Hz, H-4), 1.37 and
1.90 (each 1H, m, H-7), 2.17 (2H, m, H-8), 6.31 (1H, t, J = 1.6
Hz, H-10), 1.68 (3H, s, H-11), 1.09 (3H, s, H-12), 1.39 (3H, s,
H-13), 2.43 (2H, m, H-1′), 1.56 (2H, m, H-2′), 1.31 (2H, m,

Figure 1. Key HMBC and COSY correlations; and 1H NMR chem-
ical shift differences of MTPA esters of 1

4 http://doi.org/10.25135/rnp.2509.3648
Rec. Nat. Prod. 2026, 20(2):e25093648

http://www.acgpubs.org/journal/records-of-natural-products
http://www.acgpubs.org/
http://doi.org/10.25135/rnp.2509.3648


Records of Natural Products www.acgpubs.org ORIGINAL ARTICLE

Figure 2. The structure of isolated compounds 1–8

H-3′), 1.30 (2H, m, H-4′), 0.88 (3H, t, J = 6.8 Hz, H-5′); 13C
NMR (100 MHz, CDCl3): δC (ppm): 154.3 (C-1), 107.7 (C-2),
142.9 (C-3), 110.2 (C-4), 154.9 (C-5), 77.4 (C-6), 45.9 (C-6a),
25.2 (C-7), 31.7 (C-8), 135.2 (C-9), 123.9 (C-10), 33.7 (C-10a),
109.2 (C-10b), 23.5 (C-11), 19.4 (C-12), 27.7 (C-13), 35.6 (C-1′),
30.8 (C-2′), 31.7 (C-3′), 22.7 (C-4′), 14.2 (C-5′). ESI-MS: m/z
315.2319 [M+H]+.

Compound 3 (cannabigerolic acid): 1H NMR (400 MHz,
CDCl3): δH (ppm): 3.43 (2H, d, J = 7.2 Hz, H-1), 5.28 (1H, t,
J = 7.2 Hz, H-2), 2.10 (4H, m, H-4 and H-5), 5.06 (1H, t, J = 6.2
Hz, H-6), 1.59 (3H, s, H-8), 1.68 (3H, s, H-9), 1.82 (3H, s, H-
10), 2.88 (2H, t, J = 7.8 Hz H-1′′), 1.56 (2H, m, H-2′′), 1.34 (2H,
m, H-3′′), 1.35 (2H, m, H-4′′), 0.90 (3H, t, J = 7.0 Hz, H-5′′);
13C NMR (100 MHz, CDCl3): δC (ppm): 22.2 (C-1), 121.4 (C-
2), 139.4 (C-3), 39.9 (C-4), 26.5 (C-5), 123.9 (C-6), 132.2 (C-7),
17.9 (C-8), 25.8 (C-9), 16.4 (C-10), 163.8 (C-1′), 103.2 (C-2′),
147.5 (C-3′), 111.6 (C-4′), 160.7 (C-5′), 111.4 (C-6′), 36.7 (C-1′′),
31.6 (C-2′′), 32.2 (C-3′′), 22.7 (C-4′′), 14.2 (C-5′′), 175.3 (CO).
ESI-MS: m/z 361.2367 [M+H]+.

Compound 4 (Δ9-Tetrahydrocannabinol (Δ9-cis-THC)):
1H NMR (400 MHz, CDCl3): δH (ppm): 6.13 (1H, brs, H-2),
6.24 (1H, d, J = 1.2 Hz, H-4), 1.47 and 1.92 (each 1H, m, H-7),
1.97 (2H, m, H-8), 6.22 (1H, m, H-10), 1.69 (3H, s, H-11), 1.27
(3H, s, H-12), 1.29 (3H, s, H-13), 2.42 (2H, t, J = 7.8 Hz H-1′),
1.56 (2H, m, H-2′), 1.31 (2H, m, H-3′), 1.30 (2H, m, H-4′), 0.88
(3H, t, J = 6.8 Hz, H-5′); 13C NMR (100 MHz, CDCl3): δC
(ppm): 154.0 (C-1), 108.1 (C-2), 142.6 (C-3), 110.1 (C-4), 154.9
(C-5), 76.3 (C-6), 40.2 (C-6a), 20.8 (C-7), 29.9 (C-8), 135.2 (C-
9), 122.1 (C-10), 31.6 (C-10a), 109.5 (C-10b), 23.8 (C-11), 25.4
(C-12), 26.1 (C-13), 35.5 (C-1′), 30.7 (C-2′), 31.7 (C-3′), 22.7
(C-4′), 14.2 (C-5′). ESI-MS: m/z 315.2316 [M+H]+.

Compound 5 (7-epi-γ-eudesmol): 1H NMR (400 MHz,
CDCl3): δH (ppm): 1.30 and 1.65 (each 1H, m, H-1), 1.56 (2H,
m, H-2), 1.91 (2H, m, H-3), 2.11 (1H, m, H-6a), 2.72 (1H, dd,

J = 15.2, 2.4 Hz, H-6b), 1.66 (1H, m, H-7), 1.67 (2H, m, H-
8), 1.40 (2H, m, H-9), 1.19 (3H, s, H-12), 1.25 (3H, s, H-12),
1.68 (3H, s, H-13), 1.09 (3H, s, H-15); 13C NMR (100 MHz,
CDCl3): δC (ppm): 38.2 (C-1), 19.1 (C-2), 39.2 (C-3), 126.1 (C-
4), 135.1 (C-5), 25.5 (C-6), 44.2 (C-7), 22.7 (C-8), 39.6 (C-9),
34.6 (C-10), 74.7 (C-11), 28.0 (C-12), 30.0 (C-13), 19.8 (C-14),
26.0 (C-15). ESI-MS: m/z 223.2053 [M+H]+.

Compound 6 (α-bisabolol): 1H NMR (400 MHz, CDCl3):
δH (ppm): 1.56 (1H, m, H-1), 1.79 and 2.02 (each 1H, m, H-2),
5.37 (1H, m, H-3), 1.98 (2H, m, H-5), 1.28 (2H, m, H-6), 1.66
(1H, m, H-7), 1.50 (2H, ddd, J = 12.4, 7.6, 4.0 Hz, H-8), 2.05
(2H, m, H-9), 5.12 (2H, m, H-10), 1.68 (3H, s, H-12), 1.62 (3H,
s, H-13), 1.10 (3H, s, H-15); 13C NMR (100 MHz, CDCl3): δC
(ppm): 43.1 (C-1), 27.2 (C-2), 120.7 (C-3), 134.3 (C-4), 31.2 (C-
5), 23.4 (C-6), 74.5 (C-7), 40.2 (C-8), 22.2 (C-9), 124.7 (C-10),
131.9 (C-11), 25.9 (C-12), 17.8 (C-13), 23.5 (C-14), 23.3 (C-15).
ESI-MS: m/z 223.2044 [M+H]+.

Compound 7 (guaiol): 1H NMR (400 MHz, CDCl3): δH
(ppm): 2.09 and 2.53 (each 1H, m, H-2), 1.28 and 1.96 (each
1H, m, H-3), 2.53 (1H, m, H-4), 1.94 and 2.11 (each 1H, m, H-
6), 1.52 (1H, m, H-7), 1.44 and 1.81 (each 1H, m, H-8), 1.57 and
1.70 (each 1H, m, H-9), 2.29 (1H, m, H-10), 1.16 (3H, s, H-12),
1.19 (3H, s, H-13), 0.95 (3H, d, J = 6.8 Hz, H-14), 0.99 (3H,
d, J = 7.2 Hz, H-15); 13C NMR (100 MHz, CDCl3): δC (ppm):
140.2 (C-1), 35.5 (C-2), 31.1 (C-3), 46.5 (C-4), 139.0 (C-5), 28.0
(C-6), 49.8 (C-7), 27.4 (C-8), 33.9 (C-9), 33.8 (C-10), 73.8 (C-
11), 26.1 (C-12), 27.5 (C-13), 20.1 (C-14), 19.9 (C-15). ESI-MS:
m/z 223.2062 [M+H]+.

Compound 8 (β-eudesmol): 1H NMR (400 MHz, CDCl3):
δH (ppm): 1.24 and 1.42 (each 1H, m, H-1), 1.57-1.66 (6H, m,
H-2, H-6, and H-8), 1.99 and 2.30 (each 1H, m, H-3), 1.75 (1H,
m, H-5), 1.34 (1H, m, H-7), 1.25 and 1.50 (each 1H, m, H-9),
4.44 (1H, dd, J = 3.2, 1.2 Hz, H-11a), 4.70 (1H, dd, J = 3.2, 1.2
Hz, H-11b), 1.20 (6H, s, H-13 and H-14), 0.69 (3H, s, H-15);
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Figure 3. Anti-tumor effects of compounds from C. sativa on SK-
N-SH neuroblastoma cells. SK-N-SH cells were seeded into 96-well
plates at a density of 5 × 104 cells/mL and treated with various
concentrations of the compounds at 10 μM for 24 hours. Cell
viability was determined using the MTT assay, as described in the
‘Methods’ section. Data represent the means ± standard deviation
(S.D.) (n = 3). Statistical significance was determined by one-way
ANOVA with Tukey’s post hoc test; differences were significant at
***p < 0.001 compared to DMSO-treated controls

13C NMR (100 MHz, CDCl3): δC (ppm): 42.0 (C-1), 23.6 (C-
2), 37.0 (C-3), 151.3 (C-4), 49.9 (C-5), 22.5 (C-6), 49.5 (C-7),
25.1 (C-8), 41.2 (C-9), 36.0 (C-10), 105.5 (C-11), 73.2 (C-12),
27.2 (C-13), 27.3 (C-14), 16.4 (C-15). ESI-MS: m/z 223.2047
[M+H]+.

3.2 Results of Inhibiting SK-N-SH Neuroblastoma Cells
Neuroblastomas are solid tumors originating in the nervous
system and are closely associated with the proliferation of
SK-N-SH neuroblastoma cells. Therefore, inhibiting SK-N-
SH cell proliferation may contribute to the prevention or
treatment of neuroblastoma, a cancer predominantly affect-
ing children (Sun et al., 2023; Ye et al., 2021). In this study,
the inhibitory effects of the isolated compounds (1–8) from
C. sativa flowers were evaluated against SK-N-SH neuroblas-
toma cells using the MTT assay. The screening results showed
that compounds 2–4 and 8 exhibited strong inhibitory effects
on SK-N-SH neuroblastoma cells at a concentration of 10 μM
(Figure 3). Among them, compound 4 demonstrated the
most potent activity, with an IC50 value of 22.53 ± 1.92 μM
(Figure 4), suggesting that these compounds possess poten-
tial antitumor properties. To further investigate their efficacy,
the compounds were evaluated at lower concentrations (2.5
and 5 μM). As shown in Figure 5, compounds 2–4 and
8 exhibited noticeable inhibitory effects at 5 μM, whereas
no significant activity was observed at concentrations below
5 μM. Considering their structural features and biological
activities, among all the isolated compounds, the cannabi-
noids demonstrated the strongest inhibitory effect on the
proliferation of neuroblastoma cells.

3.3 Antioxidant Activity of Isolated Compounds
In this study, the antioxidant activity of the isolated
compounds was evaluated using the DPPH free radical scav-
enging assay. As presented in Table 2, all compounds were

Figure 4. IC50 value of 4

Figure 5. Anti-tumor effects of compounds 2–4 and 8 on SK-N-SH
neuroblastoma cells. SK-N-SH cells were seeded into 96-well plates
at a density of 5 × 104 cells/mL and treated with compound 6 at
concentrations of 0, 2.5, 5 and 10 μM for 24 hours. Cell viability was
assessed using the MTT assay, as described in the ‘Methods’ section.
Data represent the means ± standard deviation (S.D.) (n = 3).
Statistical significance was determined by one-way ANOVA with
Tukey’s post hoc test and differences were statistically significant at
***p < 0.001 compared to DMSO-treated controls

tested at a concentration of 100 μM. Among the eight iso-
lated compounds (1–8), compound 1 exhibited the strongest
DPPH radical scavenging activity, with an inhibition rate
of 50.98 ± 1.38%. Compounds 2–5 showed moderate activ-
ity, with inhibition rates ranging from 43.21 ± 2.13% to
22.42± 3.31%, whereas compounds 6 and 8 displayed negligi-
ble or no activity. These findings suggest that the antioxidant
activity of the sesquiterpenoid compounds was generally
lower than that of the cannabinoid and alkaloid derivatives.

3.4 Tyrosinase Inhibition of Isolated Compounds
Tyrosinase is a critical regulatory enzyme in melanin
biosynthesis in melanocytes. It catalyzes the initial steps of
melanogenesis, including the hydroxylation of L-tyrosine
to L-DOPA and the subsequent oxidation of L-DOPA to
dopaquinone (Fan et al., 2021; Klomsakul & Chalopagorn,
2018). However, excessive melanin production can result in
hyperpigmentation disorders such as melasma, lentigines,
freckles, and, in severe cases, may contribute to the develop-
ment of melanoma and other genotoxic effects (Klomsakul
& Chalopagorn, 2018). Consequently, tyrosinase inhibitors
have attracted significant interest in both the cosmetic and
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Table 2. Inhibition rate of compounds 1–8 on antioxidant, tyrosinase, elastase, and
collagenase

Compounds Inhibition rate (%)a

DPPHc Tyrosinased Elastased Collagenased

1 50.98 ± 1.38 5.22 ± 3.12 50.09 ± 2.51 55.34 ± 4.94
2 43.21 ± 2.13 6.58 ± 1.41 49.95 ± 0.81 19.51 ± 3.87
3 19.81 ± 0.99 21.25 ± 6.00 55.10 ± 1.17 73.17 ± 4.66
4 28.85 ± 1.72 11.16 ± 1.42 43.12 ± 2.22 19.51 ± 4.16
5 22.42 ± 3.31 13.03 ± 1.42 37.85 ± 2.03 59.76 ± 5.01
6 – 31.02 ± 5.79 50.60 ± 2.75 –
7 22.15 ± 0.91 24.98 ± 5.61 56.68 ± 2.80 32.93 ± 4.22
8 – 13.20 ± 4.23 53.94 ± 0.99 –
Kojic acidb,d – 99.55 ± 0.54 – –
Oleanic acidb,d – – 81.61 ± 0.45 –
Ascorbic acidb,c 70.94 ± 1.19 – – –
EGCGb,d – – – 79.27 ± 4.28

Note: aAll experiments were conducted in triplicate; bPositive control, cat a concentra-
tion of 100 μM; dat a concentration of 1 mM.

pharmaceutical industries, particularly for their potential
as skin-whitening agents and in the treatment of pig-
mentary disorders (Wawrzyńczak, 2023; Karkoszka et al.,
2024). In this assay, the tyrosinase inhibitory activity of
isolated compounds 1–8 was evaluated in vitro using a
spectrophotometric method. All compounds were tested at
1 mM, with kojic acid as the positive control. As shown
in Table 2, compound 1 exhibited the weakest inhibitory
effect (5.22 ± 3.12%), whereas compound 6 demonstrated
the strongest activity (31.02 ± 5.79%) relative to the positive
control. Since tyrosinase is implicated in neurodegener-
ative disorders such as Parkinson’s disease (Viet et al.,
2021; Hasegawa, 2010), its inhibition may help prevent these
diseases. In relation to their structural features, the results
indicated that the sesquiterpenoid compounds exhibited
stronger activity than the other isolated compounds.

3.5 Elastase Inhibition of Isolated Compounds
Elastase is a proteolytic enzyme that degrades components
of the extracellular matrix, including elastin. The loss of
elastin is a major factor contributing to visible signs of
skin aging, such as wrinkles and sagging (Chompoo et al.,
2012). Therefore, inhibition of elastase activity may serve
as a valuable strategy for protecting against skin aging and
related dermatological conditions. In this study, the anti-
elastase activity of isolated compounds was evaluated in
vitro using SANA (N-succinyl-Ala-Ala-Ala-p-nitroanilide)
as the substrate. The assay measured the formation of p-
nitroaniline at 410 nM, which resulted from SANA hydrolysis
by elastase. Oleanic acid was used as a positive control. The
results of the enzymatic assay for the isolated compounds
(1–8) are summarized in Table 2. Overall, these compounds
exhibited stronger elastase inhibitory activity than tyrosinase
inhibition. At a concentration of 1 mM, elastase inhibition
ranged from 37.85% to 56.68%, whereas tyrosinase inhibi-
tion was lower, ranging from 5.22% to 31.02% (Table 2).

Among them, compound 7 demonstrated the highest elastase
inhibition, with an inhibition rate of 56.68 ± 2.80%, while
compound 5 showed the weakest activity, with an inhibition
rate of 37.85 ± 2.03%. Based on structural characteristics,
compounds 1–3 and 6–8 showed higher activity compared to
the other compounds.

3.6 Collagenase Inhibition of Isolated Compounds
Collagenases, members of the matrix metalloproteinase
(MMP) family, are zinc-dependent transmembrane
endopeptidases (Hartmann et al., 2015). Dysregulated
collagenase activity can contribute to abnormal MMP
expression, which has been linked to a variety of diseases,
including neurological disorders such as Parkinson’s
disease, Alzheimer’s disease, Japanese encephalitis, and
glaucoma. MMPs are also implicated in conditions such
as Crohn’s disease and hepatic ischemia (Mustafa et al.,
2022). Under normal physiological conditions, MMPs are
typically expressed at low levels; however, elevated levels are
frequently observed in different cancers and are correlated
with enhanced tumor proliferation and progression (Mustafa
et al., 2022). In this study, the inhibitory activity of the
isolated compounds against collagenase was evaluated. The
results are shown in Table 2. Among them, compounds 1,
3, and 5 exhibited the strongest collagenase inhibition, with
inhibition rates at 55.34%, 73.17% and 59.76%, respectively.
Whereas compounds 6 and 8 were inactive.

Cannabis sativa is a highly versatile plant, with its seeds,
leaves, roots, stems, and flowers utilized across various
industries. These plant parts have shown considerable
potential for applications in cosmetics, pharmaceuticals, and
human nutrition (Rupasinghe et al., 2020). Moreover, C.
sativa is recognized as a rich source of bioactive compounds,
making it a promising candidate for the development
of therapeutic and cosmetic products. Phytochemical
investigations have identified a diverse array of constituents
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in C. sativa, including cannabinoids, terpenes, polyphenols,
triterpenes, alkaloids, and essential oils (Hourfane et al.,
2023). Among these, cannabinoids and terpenes are regarded
as the primary bioactive components. In addition, C. sativa
exhibits a broad spectrum of biological activities, such
as antioxidant, antibacterial, anticoagulant, insecticidal,
anticancer, anti-aflatoxigenic, antifungal, cytotoxic,
anti-elastase, anti-collagenase, anti-acetylcholinesterase,
anti-inflammatory, and neuroprotective effects, such as anti-
Alzheimer’s, anti-epileptic, and anti-Parkinson’s activities
(Hourfane et al., 2023). Previous studies have extensively
reported the antioxidant activity of C. sativa using various
in vitro assays, including the free radical scavenging method
(DPPH), oxygen radical absorbance capacity (ORAC),
ferric reducing ability of plasma (FRAP), and 2,20-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), as
well as other methods such as phosphomolybdenum and
metal chelation assays (Hourfane et al., 2023). Antioxidant
activities of C. sativa have been demonstrated in several
parts of the plant, including the seeds, leaves, and aerial parts
(Hourfane et al., 2023). In this study, we further evaluated
the antioxidant activity of compounds isolated from the
flowers of C. sativa and found that compounds 1–5 and 7
exhibited antioxidant activity, whereas compounds 6 and 8
showed negligible or no activity. Similarly, the leaf extracts
of C. sativa, which are rich in polyphenols and cannabinoids,
have also demonstrated strong tyrosinase inhibitory activity,
with an IC50 value of 0.07 ± 0.06 mg/mL (Manosroi
et al., 2019), as well as collagenase and elastase inhibition
rates of 80% and 30%, respectively, at a concentration of
1 mg/mL (Zagórska-Dziok et al., 2021). Our findings also
demonstrated that the purified compounds, including Δ9-
tetrahydrocannabinol (Δ9-trans-THC) (2), cannabigerolic
acid (3), Δ9-Tetrahydrocannabinol (Δ9-cis-THC) (4), 7-epi-
γ-eudesmol (5), α-bisabolol, (6), guaiol (7), β-eudesmol (8)
exhibited inhibitory activity against tyrosinase, elastase, and
collagenase, providing valuable data for the screening of
potential candidates for skin-improving applications.

4 Conclusion
In this study, the application of various chromatographic
techniques for the isolation of compounds from C. sativa
flowers led to the discovery of one new compound (1) and
seven known compounds (2–8). Among these, compounds
2–4 and 8 exhibited the most potent inhibitory effect on
the proliferation of SK-N-SH neuroblastoma cells, suggesting
their potential as candidates for the development of anti-
neuroblastoma agents. Furthermore, all isolated compounds
were also assessed by DPPH, anti-tyrosinase, anti-elastase,
and anti-collagenase assays. These findings indicated that
all compounds displayed inhibitory activity against tyrosi-
nase, elastase, and collagenase, except for compounds 6 and
8, which showed no effect on collagenase. It was thought
that C. sativa would be a good candidate for both skin and
medicine applications.
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