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Abstract: This study evaluated the antioxidant, anti-
inflammatory, and analgesic properties of three varieties
of Cannabis sativa L. seeds from Morocco, alongside their
chemical compositions.  High-Performance  Liquid
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Chromatography with Diode Array Detection (HPLC-DAD)
were employed for chemical analysis. Antioxidant activity
was assessed using ABTS, TAC, and ferric reducing antioxi-
dant power (FRAP) assays, while anti-inflammatory and
analgesic effects were tested in animal models. Molecular
docking targeted 5IKQ and 3RP8 enzymes based on HPLC-
identified compounds. The hydroalcoholic extracts demon-
strated appreciable levels of phenolics and flavonoids: total
phenolic content (TPC) was 76.87 + 0.24 mg GAE/g DW (Cric),
81.45 + 1.37 mg GAE/g DW (Khard), and 84.96 + 2.05 mg GAE/g
DW (Beldiya), while total flavonoid content (TFC) was
3.34 + 0.22mg QE/g DW (Cric), 3.56 + 0.07mg QE/g DW
(Khard), and 3.32 + 0.12 mg QE/g DW (Beldiya).HPLC results
revealed polyphenolic compounds, including Catechin,
Quercetin, Ursolic acid, and Rosmarinic acid. The Beldiya
variety showed the strongest antioxidant activity, with IC50
values of 0.12 + 0.07mg/mL (DPPH), 0.71 + 0.01 mg/mL
(ABTS), and 0.32 + 0.04 mg/mL (FRAP). It also exhibited
notable anti-inflammatory and analgesic effects at 300 mg/
kg, comparable to aspirin and indomethacin. Molecular
docking confirmed Quercetin, Catechin, and Rosmarinic acid
as potent antioxidants, with Quercetin, Catechin, and Ursolic
acid showing significant anti-inflammatory and analgesic
potential. These findings underscore the therapeutic value of
Cannabis sativa seeds for health applications.

Keywords: anti-nociceptive activity; antioxidant activity;
anti-inflammatory activity; cannabis Sativa L seeds; HPLC-
DAD

1 Introduction

Cannabis sativa L. is an annual herbaceous species widely
valued for its multipurpose applications, ranging from me-
dicinal and therapeutic products to fiber and oilseed pro-
duction. Considered among the earliest domesticated crops,
it is generally believed to have originated in Asia [1, 2].
Taxonomically, C. sativa is broadly divided into two
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categories: the drug-type (marijuana) and the non-drug-type
(hemp) [3]. Historical records indicate that Cannabis sativa
was introduced into Morocco as early as the 7th century,
with extensive cultivation established by the 15th century in
the Rif Mountains of northern Morocco [4], Over time, the
harsh mountain environment, combined with the long-
standing expertise of local farmers, fostered the develop-
ment of unique Moroccan landraces highly adapted to their
ecological niche [5] Among these, the “Beldiya” variety,
traditionally cultivated for centuries in the Rif and Pre-Rif
regions, holds cultural and historical significance. Although
it produces comparatively modest amounts of resin, this
landrace is well adapted to arid conditions and demon-
strates resilience under severe water stress [2, 6], In contrast,
hybrid cultivars such as Khardala and Cricutal were intro-
duced into Morocco within the past quarter-century with the
aim of increasing resin yield. However, these hybrids display
greater sensitivity to drought and require substantially
higher water input compared to the traditional Beldiya
landrace [7-9]. For many years, Morocco was among the top
countries for illicit cannabis cultivation; according to the
United Nations Office on Drugs and Crime (UNODC), it was
identified as the leading global producer of cannabis resin in
2020 [10]. Currently, Morocco is transitioning with new
government legislation that permits the cultivation of
cannabis for cosmetic and medical purposes. Due to previ-
ous legal restrictions, Moroccan cannabis varieties have not
been extensively studied. The recent changes in legal status
have significantly influenced scientific research into the
therapeutic potential of Cannabis sativa L. Consequently,
this study focuses on three drug-type Cannabis sativa L. seed
varieties cultivated in northern Morocco.

Cannabis seeds, obtained from mature female plants,
have historically been undervalued in Morocco, where they
were often considered by-products of cultivation. Tradi-
tionally, they were either incinerated or used as poultry
feed, practices that reflected the limited recognition among
local farmers of their nutritional and economic potential
[11]. In contrast, at the global level, cannabis seeds are widely
appreciated for their remarkable nutritional profile and
have long been incorporated into food products, traditional
medicine, and animal feed [12]. Phytochemical in-
vestigations have revealed that these seeds are rich in
diverse bioactive constituents, including fatty acids, ligna-
namides, terpenoids, proteins, esters, and steroids [13-19].
Beyond their high nutritional content [3, 14, 18, 20], cannabis
seeds have been linked to a variety of health-promoting ef-
fects, including blood pressure reduction, restoration of
essential fatty acid balance [2, 21], and relief of constipation
[22]. In vitro studies have demonstrated that extracts from
cannabis seeds and their phenolic compounds possess
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protective capabilities and antiradical [22-25]. These ex-
tracts have also been shown to reduce inflammation and
inhibit mediators involved in pain relief [26-29] and to
inhibit cancer cell growth [30-32]. However, there is a
scarcity of studies examining the pharmacological effects of
cannabis seed extracts in whole living organisms. Therefore,
this study aims to further investigate the phytochemical
composition of Cannabis sativa L. seeds while evaluating
their antioxidant, anti-inflammatory, and anti-nociceptive
properties using in vivo models.

2 Materials and methods
2.1 Seed collection

The seeds of three varieties of Cannabis sativa L. Cricutal
(Cric), Khardala (Khard), and Beldiya (Beld). were collected
from the Tafrant region in Taounate, Morocco (34°39'28.4” N,
5°05'58.9” W) in September 2021. After collection, the plants
were dried at room temperature in a shaded area to pre-
serve their quality. The seeds were then isolated and stored
in securely closed plastic bags at room temperature, main-
tained between 24 °C and 27 °C, until further analysis. The
identification of the plant species was conducted by a bota-
nist from the Scientific Institute of Rabat, Morocco. Voucher
specimens were archived in the herbarium of the institute
with the following identifiers: Bel = RAB 112735, Khard = RAB
112220, Cric = RAB113319.

2.2 Extracts preparation

The seeds of three varieties of Cannabis sativa L.(Cricu-
tal = Cric, Khardala = Khard, and Beldiya = Beld) were sub-
jected to a washing process with hexane to eliminate any
potential THC contamination [4]. Following this, the seeds
were ground into a fine powder. A total of 200 g of each
powdered sample was macerated in 2000 mL of 70 % ethanol
for a duration of 48 h at room temperature, with continuous
physical agitation to enhance extraction efficiency. After
maceration, the mixture was filtered through Whatman fil-
ter paper to separate the solid residues from the liquid
extract. The resulting filtrates were concentrated using a
rotary evaporator (BUCHI R-205) equipped with a vacuum
controller (BUCHI V-805). Subsequently, the concentrated
extracts were frozen at -30°C and then lyophilized to
remove any remaining solvent. Ensuring the preservation of
bioactive compounds the final products were stored at —4 °C
until further analysis. The yield of extraction was as follows
(Table 1).
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Table 1: Yields of the three varieties extracts. expressed
as % w/w relative to dry plant material as g extract per g
dry weight.

Samples Yields
Cric 8.10 %
Khard 7.28%
Beld 8.92%

2.3 Determination of total phenolic content
(TPC)

The total phenolic content (TPC) was assessed using the
Folin-Ciocalteu reagent, following the method described by
Zouhri et al. [33]. Each seed extract (25 yL) was combined
with 250 uL of Folin-Ciocalteu reagent (0.2 N) and 200 uL of
sodium carbonate (Na,COs, 3.75g in 50 mL distilled water).
After a 2-h incubation period in darkness at room temper-
ature, the absorbance of the mixture was measured at
760 nm. The results were expressed as milligrams of Gallic
acid equivalent per gram of dry weight of the plant (mg GAE/
g DWP).

2.4 Determination of total flavonoid
contents (TFC)

The amounts of flavonoids were estimated spectrophoto-
metrically using a method outlined by Zouhri et al. (2024)
[34]. In this procedure, each seed extract (50 pL) was mixed
with 150 pL of 2 % aluminum chloride (AICI3) and 150 uL of
1% sodium nitrite (NaNO2) in a test tube. The mixture was
incubated at room temperature for 1h to allow for complex
formation. After incubation, the optical density was recor-
ded at a wavelength of 510 nm. Quercetin was used to
establish a standard curve, and the flavonoid concentration
was quantified as milligrams of Quercetin equivalent per
gram of dry weight of the plant (mg EQ/g DWP).

2.5 High-Performance Liquid
Chromatography with Diode Array
Detection (HPLC-DAD)

Extracts and standards were prepared at a concentration of
30 mg/mL and filtered through 0.4-uym microfilters to
remove any particulate residues prior to injection. The
separation and identification of phenolic compounds were
conducted using a High-Performance Liquid Chromatog-
raphy with Diode Array Detection (HPLC-DAD) system
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(Knaur Platinblue), following the methodology outlined by
El-mernissi et al. (2021) with some modifications [35]. Spe-
cifically, 20 uL of the seed extract solution was injected into a
Kinetex C18 reversed-phase column (250 x 4.6 mm, 2.6 um
particles). The mobile phase consisted of two solvents:
acidified water (0.1% acetic acid), designated as solvent A,
and methanol, designated as solvent B. The gradient pro-
gram was structured as follows: from 0 to 3 min, there was a
linear gradient from 5% to 25% B; from 3 to 6 min, the
composition remained at 25 % B; from 6 to 9 min, it increased
from 25 % to 37 % B; from 9 to 13 min, it was held at 37 % B;
from 13 to 18 min, the gradient shifted from 37 % to 54 % B;
from 18 to 22 min, it was maintained at 54 % B; from 22 to
26 min, it increased from 54 % to 95 % B; from 26 to 29 min, it
remained at 95 % B; then from 35 to 35.45 min, it returned to
initial conditions at 5 % B; and finally, from 35.45 to 45 min, it
stayed at 5% B. The injection rate was set at 1 mL/min, and
the column temperature was maintained at 30 °C. UV-Vis
spectral measurements were obtained in the range of 200-
400 nm, with chromatographic profiles recorded specifically
at 280 nm. The identification of compounds was achieved by
comparing the retention times of each peak with those of
corresponding standards, ensuring accurate characteriza-
tion of the phenolic compounds present in the extracts [36].

2.6 Antioxidant activity

Four complementary techniques were utilized to assess the
antioxidant potential of cannabis seed extracts.

2.6.1 Free radical scavenging (DPPH)

The assessment of 1,1-diphenyl-2-picrylhydrazil (DPPH) free
radical scavenging activity of seed samples was monitored
using the procedure outlined by Zouhri et al. [37]. The for-
mula employed for calculating the scavenging capacity of the
DPPH radical was as follows:

Control absorbance —samples absorbance)

(
% IDPPH=
0 Control absorbance

X100

The ICs, values were determined graphically using
linear regression analysis, with Butyl hydroxytoluene (BHT)
serving as the positive control.

2.6.2 ABTS radical scavenging assay

The antiradical capability of seed extracts to scavenge
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
radical was assessed using the methodology of EL-Mernissi
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et al. [38]. After 6 min of incubation, the optical density was
measured at 734 nm, and the antioxidant capacity was esti-
mated using the following equation:

% Inhibition =

(negative Control absorbance — samples absorbance)
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writhing test) as described by Koster et al. [41] and two
thermal methods: the tail-flick test and the plantar test [42].

X100

negative Control absorbance

2.6.3 Reducing power

The reducing power assay was conducted following the
method outlined by Miguel et al. [39]. The absorbance was
determined at 700 nm, The EC50 value was determined
graphically and compared with the positive standard
(ascorbic acid).

2.6.4 Total antioxidant capacity (TAC)

As previously by Prieto et al., [40] the TAC was assessed. The
resulting values were presented as milligrams of ascorbic acid
equivalent per gram of dry weight of extract (mg AAE/g DWE).

2.7 In vivo anti-nociceptive and Anti-
inflammatory activities

2.7.1 Experimental animals

Males Rats weighing between 150 and 200 g were sourced
from the animal facility at the Faculty of Sciences Moulay
Ismail in Meknes, Morocco. The rats were maintained under
standard environmental conditions, with a temperature of
25 +1°C, humidity levels between 55 + 5 %, and a 12-h light/
dark cycle. They had ad libitum access to both food and water
throughout the study.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations and
institutional policies for the care and use of animals, and has
been approved by the Institutional Ethics Committee for the
Care and Use of Laboratory Animals at the Faculty of Sci-
ences, Rabat, within Mohammed V University, Morocco
(reference number 86/609/EC20).

2.7.2 Anti-nociceptive activity

The anti-nociceptive activity of the three Cannabis sativa L.
seed extracts was evaluated using a combination of methods,
including one chemical method (the acetic acid-induced

2.7.2.1 Tail flick assay (central anti-nociceptive activity)

The tail-flick test was conducted using a analgesymeter
(ANALGESYMETER LE 7106, Panlab),equipped with an elec-
trical timer, as described by Sood et al. [43]. The instrument’s
heater was maintained at a temperature of 35 + 0.5 °C, and
the final 2 cm of the rats’ tails were uniformly positioned
under the heater at the same distance for all subjects. The
time interval between the onset of stimulation and the rapid
withdrawal of the tail was recorded as tail-flick latency. The
experimental groups of rats were pretreated as follows:
Group 1 (G1) received 1 mL/100 g of distilled water, Group 2
(G2) received 150 mg/kg of aspirin, Group 3 (G3) received
300 mg/kg of Cric, Group 4 (G4) received 300 mg/kg of Khard,
and Group 5 (G5) received 300 mg/kg of Beld. Tail-flick la-
tency was assessed immediately before oral administration
and at intervals of 30, 60, 90, 120, 150, and 180 min thereafter.

2.7.2.2 Plantar test (central anti-nociceptive activity)

The test was carried out using the instrument Ugo Basile 37,370
following the method previously reported by Hargreaves [44,
45]. Briefly, rats were kept in Plexiglas boxes with sizes
(L =18 cm, 1=29 cm, h = 12.5 cm). The experimental groups of
rats received their extract and drug by gavage as (G1:1 ml/100 g
distilled water, G2: 150 mg/kg aspirin, G3:300 mg/kg of Cric, G4:
300 mg/kg of khard, G5: 300 mg/kg of Beld). The movable
radiant heater was maintained at 25 + 0.1 °C, and radiant heat
stimulation was applied to the plantar surface of the paw. The
heater turned off automatically when the animal lifted its paw.
Movement and lapping of the paw were judged to be signs of
nociceptive activity. The time between the beginning and the
end of the stimulation was recorded as the withdrawal latency
and twenty seconds was considered the cut-off. The latency of
the paw withdrawal response was measured automatically
before and at 30, 60, 90 and 150 min.

2.7.2.3 Acetic acid induced writhing test (peripheral anti-
nociceptive activity)

The acetic acid-induced writhing test was conducted as pre-
viously described by Koster et al. [41], with some modifications
[37]. The animals were administered oral treatments as fol-
lows: Group 1 (G1) received 1 mL/100 g of distilled water, Group
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2 (G2) received 150 mg/kg of aspirin, Group 3 (G3) received
300 mg/kg of Cric, Group 4 (G4) received 300 mg/kg of Khard,
and Group 5 (G5) received 300 mg/kg of Beld. After a thirty-
minute period, an intraperitoneal injection of acetic acid so-
lution (0.6 %, 3.75 mL/kg) was administered to induce writhing.
Following the injection, each rat was placed in an indi-
vidual clear plastic box for 20 min. The number of writhes
observed during this period was recorded, and the percentage
of inhibition was calculated using the following equation :

% Inhibcition=1

(number of writhes in treated group )
(number of writhes in control group)

2.8 Anti-inflammatory activity

2.8.1 In vivo anti-inflammatory activity: carrageenan-
induced paw edema assay (Figure 1)

The carrageenan-induced rat paw edema assay was used to
assess in vivo anti-inflammatory activity following the
method described by Winter et al. with slight modification
[46, 47] (Figure 1). The edema was produced in the right hind
paw by injecting carrageenan (1 % w/v) subcutaneously Af-
ter 30 min of oral administration of the drug and extracts
(G1:1 ml/ss100 g distilled water, G2: 10 mg/kg indomethacine,
G3:300 mg/kg of Cric, G4: 300 mg/kg of Khard, G5: 300 mg/kg
of Beld), the foot injected size was carried out using ple-
thysmometer (Panlab LE7500) before and 1,2,3,4,5h after
injection in each group. The anti-inflammatory effect was
calculated using the following equation:

% Inhibition = (SC;CSU

X100
With: Sc = size mean of the injected foot in control group
St = size mean of the injected foot in the treated group.

30 min

— o

@ carragennan

distilled ¢
viater |y

Figure 1: The carrageenan-induced paw edema rat model.
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2.8.2 In vitro anti-inflammatory activity: bovine serum
albumin protein denaturation method

The in vitro anti-inflammatory activity was assessed using the
Bovine Serum Albumin (BSA) Protein Denaturation Assay, as
described by Lekouaghet et al. [48]. For each extract at vary-
ing concentrations, 0.5mL was combined with 0.5mL of
Bovine Serum Albumin (0.2 % w/v) dissolved in Tris buffer
(pH 6.8). The reaction tubes were vortexed and then placed in
a water bath at 37 °C for 15 min, followed by heating to 75 °C
for 5min. After cooling, the optical density was measured at
660 nm. Control samples were prepared using 0.5mL of
distilled water and 0.5 mL of Bovine Serum Albumin, while
blank samples consisted of 0.5mL of buffer and 0.5mL of
extract, all under identical conditions. Each test was repeated
three times, and the percentage inhibition of protein dena-
turation was calculated using the following formula:

[(AC) — (As — Aw)]

% inhibition = (A0)

x 100

Ac = optical density of the control.
As = optical density of the sample.
Aw = optical density of the white.

2.9 Docking studies
2.9.1 Protocols for molecular docking

The ligand molecules namely vanillic acid, gallic acid, 3-4-
dihydroxybenzoic acid, catechin, syringic acid, P-coumaric
acid, quercetin, rosmarinic acid, ursolic acid were identified
from HPLC procedure and their structures were drawn and
clean up in ChemDraw 20.1.1, [49]. The energy of these struc-
tures were minnimized in Chem3D 20.1.1 [50] by applying MM2
force field [50] The pdb format of ligands thus obtained was
converted into pdbqt by utilizing AutoDockTools-1.5.7 [51].

1h,2h,3h,4h,5h

v

=
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2.9.2 Preparation of protein

The ligands were docked against two different proteins to
confirm the antioxidant and anti-inflammatory along with
nociceptive activity. The pdb format of proteins with PDB ID
3RP8 and 5IKQ were downloaded from https://www.rcsb.
org/. The protein structures were prepared using
AutoDockTools-1.5.7. Water molecules and other non-protein
parts, along with co-crystal ligands, were removed in order
to prevent unwanted interactions [52, 53]. Polar hydrogens
and Kollman charges were also added to protein structures
[53]. Grid parameters were generated [54] and proteins were
saved in pdbqt format [55]. The X, y, and z dimensions of the
grid box were set to 21.597, 51.877, 17.696 for 5IKQ and 5.923,
26.628, 0.896 for 3RP8, respectively. The size of the X, y, and z
coordinates were set to 80, 80, 80.

2.9.3 Molecular docking

The molecular docking method was used to study the nature
and strength of interaction between ligand and protein [56].
Docking of ligands with proteins was carried out in Ubuntu
22.04.5 LTS- [57]. The binding energy of ligands docked with
respective proteins was obtained. For the validation of
docking protocols, the co-crystal ligands of both proteins
were redocked [52, 58]. The BIOVIA Discovery Studio 2024
[52] was utilized for visualization of interactions of all
compounds between the ligand-protein complexes shown in
(Figure S1-Figure S12).

3 Statistical analyses

For statistical analysis, GraphPad Prism 9.5 was used. All
findings were expressed as mean + SD. The data were sta-
tistically analyzed using a two-way analysis of variance
followed by the Tukey test. The Pearson test was used to
determine the correlations between biological activities and
phenolic substances. The difference was considered statis-
tically significant when p < 0.05.

4 Results
4.1 Total phenolic & total flavonoid contents
As shown in Table 2, the total phenolic content ranged from

76.89 mg E AG/g to 81.64 mg E AG/g. The highest polyphenol
content was observed in the Bled extract, followed by Khard
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Table 2: Total polyphenol and total flavonoid content of the three
Cannabis Sativa L seeds hydro-alcoholic extract.

Samples TFC (mg EQ/g DWP) TPC (mg E AG/g DWP)
Cric 3.34+0.22° 76.87 + 0.24°
Khard 3.56 + 0.07° 81.45 + 1.37°
Beld 3.32+0.12° 84.96 +2.05°

Values in the identical column denoted by the same letter do not exhibit
significant differences by Tukey’s multiple range test at p < 0.05. Results are
presented as mean + SD.

and Cric. In contrast, the highest flavonoid content was
found in the Khard extract, followed by Bled and Cric.

4.2 Polyphenolic composition

The qualitative analysis of the three extracts using High-
Performance Liquid Chromatography with Diode Array
Detection (HPLC-DAD) is summarized in Table 3. The results
revealed the presence of six phenolic acids: gallic acid, 3,4-
dihydroxybenzoic acid, syringic acid, p-coumaric acid, ros-
marinic acid, and vanillic acid; two flavonoids: quercetin
and catechin; and one pentacyclic triterpenoid carboxylic
acid: ursolic acid. The chromatograms for the three varieties
were nearly identical, with slight differences in peak in-
tensity reflecting variations in compound abundance.
Notably, quercetin was identified as the predominant phyto-
component across all three varieties (Figure 2).

4.3 Antioxidant activity

Table 4 presents the IC50 values for the three varieties, along
with standard antioxidant activity for the four methods
employed. IC50 values were determined graphically, with
lower IC50 values indicating higher antioxidant activity. All
varieties demonstrated antioxidant activity, albeit with
slight variations among them, which can be attributed to
their richness in phenolic components such as phenolic
acids, lignans, flavonoids, and stilbenes that react with free
radicals either independently or synergistically [59, 60]. The
Beld variety exhibited strong antioxidant activity with lower
IC50 values, while the Cric variety displayed the weakest
activity. Across all five methods tested, the antioxidant ac-
tivity of the extracts decreased in the following order:
standard > Beld > Khard > Cric. This trend aligns with ex-
pectations that maximum antioxidant activity corresponds
to higher bioactive component content. The results of the
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Table 3: List of compounds identified in seed extracts using HPLC-DAD.

Pick number  Proposed compounds Molecular structure Retention time Area %
Cric  Khard  Beld
1 Vanillic acid (o] 3.35 0.63 3.13 1.93
(o]
- D)‘\ OH
HO
2 Gallic acid (@) 5.45 0.80 1.56 0.98
HO
OH
HO
OH
3 3-4-Dihydroxybenzoic acid (@) 768 115 0.92 0.31
HO
OH
HO
4 Catechin OH 8.50 0.45 0.49 0.12
oo
9 ”
OH
OH
5 Syringic acid (o) 11.98  0.54 0.51 0.17
(o)
A ji;)‘\oH
6 P-comaric acid 1468  0.93 0.65 0.33
7 Quercetin 30.38 5.21 5.64 5.81
8 Rosmarinic acid HO o 316 023 0.30 0.31
(o)
o OH
OH
9 Ursolic acid : 3275 0.1 057 028
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Figure 2: Chromatographic profiles of three Cannabis Sativa | seeds (cric, khard, beld) hydro-ethanolic extracts using HPLC-DAD.
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Table 4: Antioxidant activities of the three Cannabis Sativa L seeds extract.
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DPPH (ICso mg/ml) ABTS (IC50 mg/ml) RP (EC50 mg/ml) TAC (mg AAE/g DWE)
Cric 0.81 + 01 0.78 + 004? 0.35 + 005° 30.89 + 0.297
Khard 0.26 + 008° 0.75 + 006° 0.34 + 003? 2251 +0.21°
Beld 0.12 + 007¢ 0.71 + 001° 0.32 + 004° 16.71 + 0.32°
BHT 0.0175 + 0.002¢ - - -

Acid ascorbic -

0.053 + 0.009°

0.131 + 0.025° -

Values in the same column followed by the same letter are not significantly different by Tukey’s multiple range test at p < 0.05, Values are expressed as

mean + SD.

antioxidant activity were consistent with those obtained for
polyphenol content, as previous studies have highlighted the
significance of polyphenols in antioxidant activity [25].

For DPPH free radical scavenging, an antioxidant is
considered effective if its IC50 is less than 5 mg/mL. All varieties
exhibited a concentration-dependent scavenging potential that
increased with rising concentrations. IC50 values ranged from
0.1222 + 0.073 mg/mL in Beld to 0.81 + 0.11 mg/mL in Cric. The
standard tested (BHT) recorded an excellent inhibitory con-
centration of 0.0042 mg/mL, surpassing all varieties of extracts.

The results for ABTS were similar across the three va-
rieties. The Beld variety demonstrated the highest ABTS
radical cation scavenging activity, with an IC50 of
0.7157 + 0.0117, followed by Khardala (IC50 = 0.7510 + 0.062)
and Cric (IC50 = 0.7884 + 0.049).

The reducing power ability of hydro-ethanolic extracts
was compared to ascorbic acid as a standard antioxidant. As
illustrated in Table 3, reducing levels were higher in the Beld
variety compared to Khard and Cric varieties.

The total antioxidant capacity test results indicated that
the total antioxidant capacities of the Cric, Khard, and Beld
varieties expressed as milligrams of ascorbic acid equivalent

—— Beld 300 Mg/ KG -e- control Disteled water (10ml/kg)

2 —
0 1 -+ Khard 300 Mg/KG

withdrawl latency (in second)
— -
=) 3
L PN BT AR ET AT

[3,]
sl

per gram of extract (mg AAE/g DE) were 30.89, 22.51, and 16.71,
respectively. This finding corroborates results from other tests.

4.4 Anti-nociceptive activity
4.4.1 Central anti-nociceptive activity

4.4.1.1 Tail flick test

The tail flick assay was employed to investigate the spinal
responses of rats to heat stimulation [43]. The results for the
three different varieties are presented in Figure 3. Tail
withdrawal latency increased, peaking at 90 min before
beginning to decline, with the Beld variety demonstrating
the most significant effect. Aspirin, administered as a stan-
dard drug at a dose of 150 mg/kg, along with all varieties’
extracts at a dose of 300 mg/kg, significantly increased
(P < 0.0001) withdrawal latency compared to the control
group at 60, 90, 120, and 150 min following oral administra-
tion. From 30 to 120 min, all three extracts produced a sig-
nificant increase (P < 0.0001) in tail withdrawal responses
compared to the distilled water group.

~¢— Cric 300 Mg/lkg —= CP ASPIRINE 150 Mg/Kg

Figure 3: Preventive effect of hydroalcoholic
extracts of the three Cannabis Sativa L. seeds
varieties in the tail flick assay: n = 5 animals/
group values are expressed as withdraw
latency mean + SD, “p < 0.0001 significant
compared to control group. ®p < 0.001
significant compared to control group,

Pp < 0.0001 significant compared to aspirin

60 90 120

time interval ( in minute)

group, % < 0.005 significant compared to
aspirin group, hp < 0.01 compared to aspirin
group.

150 180
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Table 5: Effect of hydro-alcoholic extracts of three C. sativa L seeds on planter test in rats.
Samples Dose Mean withdrawal latency + SD in second

0 min 30 min 60 min 90 min 120 min 150 min 180 min
Cric 300mg/kg 2.73+0.63 5.64c+030 7.04c+031 786c+047 7.62c+0.25 6.06c+0.65 4.08+0.64
Khard 300 mg/kg 3+074 592c+0.70 6.72c+0.41 808c+058 7.38c+043 5.96c+0.50 4.1 +0.57
Beld 300mg/kg  2.28 0,27 6c+064 7.04c+056 92c+0.79 792c+066 6.42c+050 4.48+0.72
Aspirin 150mg/kg 2.64+0.76 588c+0.65 7.16c+0.33 9,66c+0.73 8.14c+0.41 6.7c £ 0.64 4.74a +0.47
Control group distilled water  1ml/100g 226 +0.59 234+039 234+067 272+0.67 3.06+066 3.52+049 3.66+0.48

4.4.1.2 Plantar test

The data for the three varieties of extracts administered
orally at a dose of 300 mg/kg are summarized in Table 5. A
significant increase in response time was observed for all
extracts at 30, 60, 90, 120, and 150 min post-administration
(p < 0.0001). The most pronounced effect was noted with the
Beld variety (300 mg/kg) at 90 min after gavage.

4.4.2 Peripheral anti-nociceptive activity

4.4.2.1 Acetic acid induced writhing test

The peripheral anti-nociceptive effects of hydro-ethanolic
extracts are summarized in Figure 4. The hydro-ethanolic
extracts from the three varieties of Cannabis sativa L. seeds
demonstrated significant inhibition of pain responses
compared to the control group following an intraperitoneal
injection of acetic acid. The Cric variety exhibited the
weakest effect (32.53 + 2.09 %), followed by the Khard variety
(40.07 £ 1.34 %), while the Beld variety produced the highest
inhibition (50.39 + 1.60 %), which was comparable to the
effect of the standard drug (51.19 + 1.52 %).

60
¢ ¢ = Cric 300 Mg/kg
——

c b M Khard 300 Mg/KG
S 40 a Beld 300 Mg/ KG
g mm ASPIRINE 150 Mg/Kg
£
2 20

0-

different extracts + std

Figure 4: Effects of the hydroalcoholic extract of the three Cannabis
Sativa L seeds varieties in writhing test in rats, n = 5 animals/group, values
are presented as mean + SD, n = 5 animals/group, different alphabets
(a,b,c) represent significant differences (p < 0.005) (one-way ANOVA
followed by the Tukey multiple comparison test).

4.5 Anti-inflammatory activity

4.5.1 In vivo anti-inflammatory activity: carrageenan-
induced rat paw oedema assay

Figure 5 illustrates the results obtained with the hydro-
alcoholic extracts of the three varieties of Cannabis sativa L.
seeds and the standard drug in the carrageenan-induced
edema test. The extracts from all three varieties significantly
inhibited paw swelling compared to both the control group
and the Indomethacin group from 2 to 6 h after carrageenan
injection. The Beld variety exhibited the most pronounced
effect.

4.5.2 In vitro anti-inflammatory activity: bovine serum
albumin protein denaturation method

Protein denaturation is considered a contributing factor to
inflammation. The ability of the extract to inhibit protein
denaturation was tested as part of the investigation into the
mechanism underlying its anti-inflammatory effects. The
potential process involved in protein denaturation includes
alterations in hydrophobic, hydrogen, disulfide, and elec-
trostatic bonds that maintain the protein’s three-
dimensional [61]. The inhibition of bovine serum albumin
(BSA) denaturation by various concentrations of the three
hydro-alcoholic extracts and the standard drug, Voltaren, is
summarized in Figure 6. All extracts effectively prevented
BSA protein denaturation.

The current research identified that protein (albumin)
denaturation was inhibited in a concentration-dependent
manner. The standard drug, Voltaren, at a dose of 2,500 ug/
mL exhibited the strongest inhibitory effect against BSA
denaturation (94.04 %), followed by the Beld variety
(90.53 %), the Khard variety (85.88 %), and the Cric variety
(83.16 %). This finding is further supported by comparing
their IC50 values presented in Table 6. The presence of
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polyphenols and flavonoids in Cannabis sativa L. seed ex-
tracts may account for this beneficial effect [62, 63].

4.6 Correlations of biological activities with
phenolic and flavonoid contents

The study aimed to understand the impact of polyphenol and
flavonoid content on the biological activities of hydro-
ethanolic extracts from Cannabis sativa L. seeds. The results

Table 6: The 50 % inhibitory concentration (ICso) values of BSA dena-
turation inhibition of three-Cannabis Sativa L seeds extracts.

Cric Khard Beld Voltarene

ICsy 227.03+4.12° 162.38+5.93" 89.93 +4.33°  59.55 + 4.60°

Values in the same row followed by the same letter are not significantly
different by Tukey’s multiple range test (p < 0.05).

different at p < 0.05, values are expressed as
mean =+ SD.

revealed a strong negative correlation between the amount of
polyphenols and the IC50 values for antioxidant activity
measured by DPPH (r* = —0.9678), ABTS (r* = —0.9875), and
reducing power (RP) (r* = -0.9647). A similar trend was
observed for flavonoids, with negative correlations for anti-
oxidant tests: DPPH (r* = —0.9292), ABTS (r* = —~0.9994), and RP
(r* = —0.9899) (Table 7). The presence of a phenolic hydroxyl
group was identified as a key factor contributing to the high
antioxidant activity against DPPH and ABTS radicals [60, 64].
For bovine serum albumin (BSA) protein denaturation,
the IC50 values correlated negatively with flavonoid content
(r* = —0.9999, significant at p < 0.01) and polyphenol content
(r? = —0.9941). The correlation between total antioxidant
capacity (TAC) and flavonoid content was positive
(r* = 0.9984) and significant at p < 0.05, while the correlation
with polyphenol content was also positive but not statisti-
cally significant. The antioxidant activities of phenolic
compounds can be attributed to their ability to act as both
hydrogen and electron donors simultaneously [65, 66].
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Table 7: Pearson correlation coefficients between polyphenol, flavonoids and antioxidant activity (ABTS, RP, DPPH, TAC), BSA denaturation inhibitory

activity.

Polyphenol Flavonoids DPPH ABTS RP TAC BSA inhibitory
Polyphenol 1 0.9923 -0.9678 -0.9875 -0.9647 0.9837 -0.9941
Flavonoids - 1 -0.9292 -0.9994° -0.9899 0.9984° -0.9999°

*Correlation is significant at the level p < 0.05. "Correlation is significant at the level p < 0.01.

4.7 In silico studies
4.7.1 Interpretation of molecular interactions

By using the molecular docking technique, the ligand-
protein binding interactions were predicted and the extent
to which interaction occurred. The lower the docking score,
the stronger the interaction and greater binding affinity [67].
Table 8 shows the docking score of all compounds obtained
from HPLC analysis. The three compounds, quercetin, cate-
chin and ursolic acid, in complex with the 5IKQ (anti-in-
flammatory and nociceptive) receptor, showed the highest
docking scores, —8.9, —8.3 and —8.3 kcal/mol, respectively, as
compared to the co-crystallized ligand with docking
score —7.3 kcal/mol. Whereas in complex 3RP8 (antioxidant)
protein, catechin, quercetin, and rosmarinic acid exhibited
higher docking scores with values -7.8, —7.8 and -8.6 kcal/
mol, respectively. Hence, the binding energies of (quercetin,
catechin, and rosmarinic acid) for antioxidant activity and
(quercetin, catechin and ursolic acid) for anti-inflammatory
together with nociceptive activity were favourable for effi-
cient docking.

Table 9 depicted the interacting residues, nature of
interaction and distance of top-ranked compounds with the
receptors (3RP8 and 5IKQ), while Table S1 depicted the
interaction for all compounds extracted from HPLC. The
hydrogen bond surface, 2D and 3D interaction of hit and co-

Table 8: Docking score of different ligands with the anti-inflammatory
and anti-oxidant protein.

Ligand name Docking score

5IKQ 3RP8
Vanillic acid -5.3 -5.4
Gallic acid -6.1 -7.0
3-4-Dihydroxybenzoic acid -5.9 -6.8
Catechin -8.3 -7.8
Syringic acid -6.1 -5.6
P-comaric acid -5.3 -5.7
Quercetin -89 -7.8
Rosmarinic acid -7.7 -8.6
Ursolic acid -8.3 -7.1
Co crystallize ligand -73 -124

crytallized compounds were represented in (Figures 7-14).
The catechin showed three types of interaction with the 3RP8
receptor. The residues VAL125, VAL125 and GLY7 repre-
sented hydrogen bonds through distances 2.34, 2.02 and
3514, respectively; Amino acids ALA31, ARG124 and ALA159
showed hydrophobic interactions through the distances of
4.86, 5.28 and 4.39 A respectively, whereas the electrostatic
interactions represented with GLU30 and ASP154 through
distance 3.49 and 4.39 A respectively. The compound quer-
cetin showed hydrogen and hydrophobic interactions with
the 3RP8. The quercetin bonded through hydrogen bond to
the residues SER43, ARG103, ARG103, and HIS267 with dis-
tances 2.42, 2.71, 2.24, and 2.67 A respectively, while the res-
idues ILE42, PR0O292, and PRO292 linked through
hydrophobic bonds with distance of 3.62, 5.02 and 4.76 A
respectively. Rosmarinic acid in complex with 3RP8 interacts
with the residues SER43, ASN178, GLN204, ASP220, ILE42, and
GLY295 by hydrogen bond through distances 2.41, 2.23, 2.88,
2.02, 3.60 and 3.14 A respectively, while the residues PHE218,
PRO292, THR291, PR0O292, and PRO292 were connected by
hydrophobic interaction through distance 4.02, 5.61, 5.61, 3.78
and 4.40 A respectively. The co-crystallized ligand (flavin
adenine dinucleotide) in 3RP8 showed three types of in-
teractions. First, hydrogen bond interaction displayed with
the residues GLY11, GLY155, ALA286, GLY297, GLY298,
GLY298, and GLY7 through distance of 2.03, 2.17, 2.14, 2.14,
2.30, 2.35, 2.21, 3.09, and 3.78 A respectively; second, hydro-
phobic interactions observed with residues ALA31, ILE264,
ILE266, ALA31, PRO292, and PR0O292 through distance 3.79,
4,01, 5.25, 4.66, 4.34 and 3.97 A respectively; whereas the
electrostatic interaction exhibited with ARG103 through
distance 4.58 A. The catechin-5IKQ complex showed
hydrogen bonding with residues ASN34, HIS39, TYR130,
VALA46, CYS47 and PRO156 through distances 2.53, 2.90, 2.06,
3.367, 3.19 and 3.68 A, respectively; hydrophobic interaction
with residues VAL46, CYS47, PRO153 through distance of 5.37,
5.39 and 4.12 A respectively; and CYS36 displayed other type
of interaction with distance 5.37 A. Quercetin with 5IKQ
exhibited hydrogen bond with residues HIS39, HIS39, CYS36,
TYR130, and CYS47 through distance of 1.84, 2.49, 2.17, 1.93,
3.31 A respectively, while the residues PRO156, CYS36, CYS36,
CYS47, PRO153, VAL46, and PRO153 displayed hydrophobic
interactions through distance 3.71, 5.24, 5.38, 4.88, 4.09, 5.34,
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and 4.029 A respectively. Whereas the Ursolic acid bounded
with a hydrogen bond to SER579, PHE580, and SER581 resi-
dues of 5IKQ through distances 2.33, 2.71 and 2.95 A, respec-
tively. The co-crystal compound (meclofenamic acid)
interacted through hydrogen and hydrophobic interactions
with the 5IKQ protein. The residues GLN203, GLN2031 and
LEU391 displayed hydrogen interaction with distance 2.39,
2.99 and 229 A respectively, while the hydrophobic in-
teractions observed with residues ALA202, GLN203, ALA202
through distance 3.35, 4.83 and 4.99 A respectively.

5 Discussion

Phenolic compounds are secondary metabolites found in
various plants, known for their ability to neutralize free rad-
icals, modulate the activity of genes involved in metabolism,
and consequently protect DNA from damage [68]. Additionally,
these compounds can act as signaling molecules that enhance
the antioxidant defense system [69, 70]. They exhibit a wide
range of pharmacological effects, including cardioprotective,
anti-aging, anti-carcinogenic, anti-inflammatory, anti-athero-
sclerotic, and anti-apoptotic properties. Furthermore, they
promote endothelial function and can inhibit processes such
as angiogenesis and cell proliferation [62, 71-73].

In the present study, the levels of phenolic compounds
detected were generally lower than those reported in several
earlier investigations. For example, Taaifi et al. (2021) quan-
tified phenolic content at 134.57 mg GAE/g DWP [4], while
Bhatt et al. (2022) recorded 121 mg GAE/g DWP [74]. Similarly,
Haddou et al. (2023) observed values of 130 mg GAE/g DWP in
ethanolic extracts, contrasting sharply with only 28 mg GAE/g
DWP in aqueous preparations [15]. In comparison, our results
were closer to those of Rashid et al. (2020), who reported a
total phenolic content of 77.7mg GAE/g DWP [25], yet still
higher than the concentrations documented by Aloo et al.
(2023) and Irakli et al. (2019) [75, 76]. Seed morphology also
appears to play arole in phenolic distribution: Alonso-Esteban
et al. (2022) demonstrated that intact hemp seeds contain
higher polyphenol levels than dehulled seeds [32], a finding
consistent with Chen et al. (2012) [22], who highlighted the hull
as a key polyphenol reservoir. Beyond seeds, Ahmad et al.
(2019) reported that the leaves of Cannabis sativa L. harbor a
richer polyphenolic profile than other plant organs [77].

Flavonoids, a subgroup of phenolic compounds and
well-known plant secondary metabolites, contribute signif-
icantly to the pigmentation of leaves, fruits, and flowers,
while also exerting potent antioxidant activities both in vivo
and in vitro [78-80], In our samples, flavonoid levels were
comparatively modest. Taaifi et al. (2021) documented higher
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Table 9: The interacting amino acid residues along with the type of
interaction and distance with docked proteins (3RP8 and 5IKQ).

Protein Ligand name  Residues Type of Distance
name interaction (A)
3RP8 Cathechin VAL125  Hydrogen bond 2.34025
VAL125  Hydrogen bond 2.02006

GLY7 Hydrogen bond 3.51178

ARG124  Electrostatic 4.16719

GLU30 Electrostatic 3.4979

ASP154  Electrostatic 4.39754

ALA31 Hydrophobic 4.86314

ARG124  Hydrophobic 5.28343

ALA159  Hydrophobic 4.39453

Quercetin SER43 Hydrogen bond 2.41968
ARG103  Hydrogen bond 2.70656

ARG103  Hydrogen bond 2.23776

HIS267  Hydrogen bond 2.67425

ILE42 Hydrophobic 3.62366

PRO292  Hydrophobic 5.02282

PRO292  Hydrophobic 4.75845

Rosmarinic acid  SER43 Hydrogen bond 2.40647
ASN178  Hydrogen bond 2.23576

GLN204  Hydrogen bond 2.88128

ASP220  Hydrogen bond 2.02373

ILE42 Hydrogen bond 3.60182

GLY295  Hydrogen bond 3.14123

PHE218  Hydrophobic 4.02043

THR291,  Hydrophobic 5.61317

PRO292  Hydrophobic 5.61317

PRO292  Hydrophobic 3.78811

PRO292  Hydrophobic 4.40407

Co-crystalized GLYN Hydrogen bond 2.03979
ligand GLY11 Hydrogen bond 2.16501
GLY11 Hydrogen bond 2.14165

GLY155  Hydrogen bond 2.14626

ALA286  Hydrogen bond 2.3027

GLY297  Hydrogen bond 2.35133

GLY298  Hydrogen bond 2.21326

GLY298  Hydrogen bond 3.09375

GLY7 Hydrogen bond 3.78274

ARG103  Electrostatic 4.58239

ALA31 Hydrophobic 3.79526

ILE264  Hydrophobic 4.01153

ILE266 Hydrophobic 5.25481

ALA31 Hydrophobic 4.65865

PRO292  Hydrophobic 4.33637

PRO292  Hydrophobic 3.97025

5IKQ Cathechin ASN34 Hydrogen bond 2.53023
HIS39 Hydrogen bond 2.90571

TYR130  Hydrogen bond 2.05782

VAL46 Hydrogen bond 3.36691

CYs47 Hydrogen bond 3.196

PRO156  Hydrophobic 3.68234

CYS36 Other 5.36864

VAL46 Hydrophobic 5.37353

CYS47 Hydrophobic 5.39378

PRO153  Hydrophobic 4.11906
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Table 9: (continued)

Protein Ligand name  Residues Type of Distance
name interaction ()]
Quercetin HIS39 Hydrogen bond 1.84143
HIS39 Hydrogen bond 2.48979

CYS36 Hydrogen bond 2.16904

TYR130  Hydrogen bond 1.93034

CYS47 Hydrogen bond 3.31357

PRO156  Hydrophobic 3.71103

CYS36 Other 5.24117

CYS36 Hydrophobic 5.3852

CYS47 Hydrophobic 4.88241

PRO153  Hydrophobic 4.08774

VAL46 Hydrophobic 5.33748

PRO153  Hydrophobic 4.02854

Ursolic acid SER579  Hydrogen bond 2.33279
PHE580  Hydrogen bond 2.70553

SER581  Hydrogen bond 2.95055

Co-crystalized GLN203  Hydrogen bond 2.39033
ligand GLN2031 Hydrogen bond 2.997
LEU391  Hydrogen bond 2.29919

ALA202  Hydrophobic 3.35419

GLN203  Hydrophobic 4.82887

ALA202  Hydrophobic 4.99407

el
Valiz2 \ Alad
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approximately 1 mg EQ/g DWP [75]. Our findings therefore
occupy an intermediate range, suggesting that variations in
extraction methods, seed fractionation, and environmental
factors may largely account for discrepancies across studies.

The phytochemical profile of our samples is consistent
with findings reported in previous studies. For instance,
Nigro et al. (2022) detected quercetin and kaempferol de-
rivatives in hempseed extracts, corroborating the presence
of flavonoids in our analysis [81]. Similarly, Haddou et al.
(2023) characterized 14 distinct phenolic constituents in
Cannabis sativa L. seeds, with catechin acid dihydrate
emerging as the major compound in dichloromethane ex-
tracts, whereas naringin was dominant in aqueous and
ethanolic fractions. Their work, along with ours, reinforces
the critical influence of extraction solvent on the qualitative
and quantitative composition of seed phytochemicals [15].
Other investigations have likewise reported variability in
dominant phenolics: catechin has frequently been described
as the principal phenolic in hemp seed flour [19, 82].More-
over, Benkirane et al. (2022) identified hydroxycinnamic acid
amides and lignanamides, particularly cannabisins, as ma-
jor constituents [83], while Babiker et al. (2021) reported

(©)

Figure 7: Molecular docking interactions of catechin with the 3RP8 protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction map
highlighting key amino acid residues.

Pro292, thi90
/ —_His267

\ )
lled2 S
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Figure 8: Molecular docking interactions of quercetin with 3RP8 protein. (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction map
highlighting key amino acid residues.

values, ranging between 30 and 50 mg EQ/g DWP [4],
whereas Aloo et al. (2023) reported extremely low levels,

gallic acid, syringic acid, catechin, and 1,2-dihydroxybenzoic
acid as key metabolites which aligns with our findings [84].
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Figure 9: Molecular docking interactions of rosmarinic acid with 3RP8 protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction
map highlighting key amino acid residues.
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Figure 10: Molecular docking interactions of co-crystalized ligand with 3RP8 protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D
interaction map highlighting key amino acid residues.

Figure 11: Molecular docking interactions of catechin with 5IKQ protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction map
highlighting key amino acid residues.
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Figure 12: Molecular docking interaction of quercitin with 5IKQ protien, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction map
highlighting key amino acid residues.
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Figure 13: Molecular docking interactions of ursolic acid with 5IKQ protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D interaction map

highlighting key amino acid residues.
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Figure 14: Molecular docking interactions of co-crystalized ligand with 5IKQ protein, (A) hydrogen bond surface, (B) 3D conformation, and (C) 2D

interaction map highlighting key amino acid residues.

The phytocompounds identified in the cannabis seeds
are known to possess diverse biological activities, including
antioxidant, anti-inflammatory, and anti-nociceptive prop-
erties, which were explored in this study. For instance,
quercetin, the major component found in all varieties, is
recognized as a potent free radical scavenger and a long-
acting anti-inflammatory agent among flavonoids [85]. Its
efficacy is attributed to its chemical structure, which in-
cludes four hydroxyl groups on the benzo-dihydropyran
ring of the polyphenol [86]. Similarly, several studies have
reported that gallic acid exhibits strong anti-inflammatory,
anti-tumoral, and anti-nociceptive activities [86]. The sig-
nificant presence of p-coumaric acid, ursolic acid, and
syringic acid in cannabis seed extracts suggests a strong
potential for exerting potent anti-nociceptive and anti-
inflammatory effects [87-90]. Furthermore, the presence of
compounds such as vanillic acid, rosmarinic acid, and cate-
chin within these extracts indicates their potential roles in
the observed pharmacological activities [91-93].

It is widely acknowledged that reactive oxygen species
(ROS) are produced during oxidative stress. These radicals can
be highly toxic to various molecules, leading to cellular
dysfunction and, in some cases, cell death [94]. Antioxidants
are compounds that directly neutralize free radicals and
facilitate the removal of reactive species from cells. The
extensive use of traditional medicine underscores the

importance of plants as a rich source of natural antioxidants,
which may guide the development of innovative pharma-
ceuticals [95]. Several investigations have highlighted the
antioxidant potential of Cannabis sativa L. seeds, though re-
ported outcomes vary considerably across studies. Alonso
et al. evaluated hydro-ethanolic extracts from seven cultivars
and found relatively modest activity, with reducing power
IC5o values between 2.5 and 5.3 mg/mL and weak DPPH radical
scavenging activity, yielding ICs, values in the range of 2.5-
9.2 mg/mL [22]. These values are noticeably higher than those
recorded in the present work. In contrast, Bhatt et al
demonstrated remarkable DPPH scavenging capacity,
reporting an ICs, of approximately 50 ug/mL [74], suggesting
that cultivar differences and extraction approaches may
significantly influence outcomes. Beyond crude seed extracts,
cannabis seed protein hydrolysate fractions have been re-
ported to display strong antioxidant properties, further sup-
porting the role of seed-derived bioactive peptides in
oxidative stress modulation [96-98]. Additionally, in-
vestigations into hemp seed oil by Smeriglio et al. revealed
even greater antioxidant activity than that observed in our
study, underscoring the contribution of lipid-soluble phyto-
chemicals to the antioxidant potential of cannabis seeds [99].

Pain can be categorized into several types: nociceptive
pain, which is triggered by harmful physical stimuli; in-
flammatory pain, arising from the immune system’s
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response to tissue injury; and neuropathic pain, which re-
sults from damage to the nervous system due to physical
injury or disease affecting the somatosensory system [100].
Analgesics are medications designed to alleviate pain
selectively without significantly affecting consciousness,
acting on either the peripheral or central nervous system
[101]. However, analgesic drugs such as non-steroidal anti-
inflammatory drugs (NSAIDs) and opioids are associated
with severe adverse effects [102]. Therefore, it is crucial to
conduct research aimed at identifying alternative treat-
ments for pain management. For centuries, medicinal herbs
have been utilized for therapeutic purposes. Various com-
pounds isolated from these plants such as alkaloids, flavo-
noids, steroids, and tannins have demonstrated notable anti-
nociceptive properties [103, 104]. In this context, the hydro-
ethanolic extracts of the three varieties were effective in the
tail flick test, Writhing test, and plantar test. In this study, the
anti-nociceptive activity of Cannabis sativa L. seed extracts
was evaluated through established models that assess both
central and peripheral pain responses, The acetic acid
induced writhing test, for instance, stimulates the release of
several inflammatory mediators including cytokines, hista-
mine, bradykinin, and serotonin [105], and increases the
levels of prostanoids (prostaglandin E2 (PGE,) and prosta-
glandin F2a (PGF,a)) as well as lipoxygenase products in the
peritoneal cavity [106], The observed anti-nociceptive effect
of the extracts may therefore be linked to phytoconstituents
capable of inhibiting the prostaglandin pathway and atten-
uating the release of pro-inflammatory intermediates, In
addition, flavonoids such as catechin, naringin, and quer-
cetin detected in cannabis seed extracts [15, 82,107, 108] have
been shown to modulate central nociceptive pathways.
These compounds act, at least in part, through alpha-2
adrenergic [109, 110] and opioid receptors [111], thereby
contributing to the central pain-relieving effects. Taken
together, our findings indicate that Cannabis sativa L. seed
extracts exert analgesic activity via both peripheral and
central mechanisms of action, supporting their potential as
sources of bioactive compounds for pain management.
Inflammation is a multifaceted biological response
triggered by infection, injury, or tissue damage and is
frequently implicated in chronic conditions such as can-
cer, diabetes, and neurodegenerative disorders [112]. To
investigate anti-inflammatory activity, the carrageenan-
induced paw edema model in rats is one of the most widely
employed experimental systems, with paw volume
serving as a reliable indicator of treatment efficacy [113,
114].Carrageenan acts as a strong pro-inflammatory agent,
provoking edema through the upregulation of cyclo-
oxygenase (COX) messenger RNA [115], and the subsequent
release of mediators such as leukotrienes, tumor necrosis
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factor-a (TNF-a), histamine, and prostaglandins [114]. This
inflammatory cascade is further amplified by the gener-
ation of reactive oxygen species (ROS), which contribute to
tissue damage and the progression of inflammation
[116].The notable ability of the three cannabis seed ex-
tracts to scavenge free radicals suggests that this may
contribute to the reduction of inflammation observed in
rats with carrageenan-induced paw edema [117].
Furthermore, it has been reported that lignin amide rich
fractions extracted from Cannabis sativa L. seeds
demonstrate anti-inflammatory potential by suppressing
Toll-like receptor 4-mediated NF-kB signaling pathways
[118]. Rea Martinez and colleagues documented the anti-
inflammatory effects of polyphenol-rich fractions from
hemp seeds by reducing the expression and secretion of
TNF-a and IL-6 genes [119]. Prior studies have also sug-
gested that phenolic acids, flavonoids, and fatty acids
present in Cannabis sativa L. seed extracts may interact
directly with the prostaglandin system [120-122]. Addi-
tionally, these compounds may inhibit xanthine oxidore-
ductase activity, block nuclear factor kB (NF-kB)
pathways, and inhibit cyclooxygenase (COX) enzymes [63,
120, 123-126] The observed effects may result from a syn-
ergistic interaction among multiple phyto-constituents
rather than from a single compound [127].

6 Conclusions

The current research concluded that Cannabis Sativa L.
seeds are rich in polyphenols. On the other hand, hydro-
ethanolic extract of the three varieties have remarkable
antioxidant, anti-nociceptive and anti-inflammatory activ-
ities examined by various tests along with a silico study; the
beldiya variety exhibits the highest levels of total phenol and
flavonoid contents as well as the best antioxidant, anti-
inflammatory properties and anti-nociceptive effect.

According to the findings of this study, the Cannabis
Sativa L seeds are suggested as a dietary additive, without
omission of their phytochemical component relevance in
pain-relieving and inflammatory therapy.

Acknowledgments: The authors would like to express their
appreciation to the Ongoing Research Funding program
(ORF-Ctr-2026-8), King Saud University, Riyadh, Saudi Ara-
bia, for supporting this research, and to the Deanship of
Research and Graduate Studies at King Khalid University for
funding this work through Small Research Project under
grant number RGP1/107/46.

Funding information: This work is funded by the Ongoing
Research Funding program (ORF-Ctr-2026-8), King Saud



18 —— R. El-Mernissi et al.: Phytochemical and biological study of three cannabis sativa varieties

University, Riyadh, Saudi Arabia, and the Deanship of
Research and Graduate Studies at King Khalid University
through Small Research Project under grant number
RGP1/107/46.

Author contribution: Conceptualization, original draft
writing, reviewing, and editing: Rafik El-Mernissi, Naoual El
Menyiy, Yahya El-Mernissi, Amira Metouekel. Formal anal-
ysis, investigations, funding acquisition, reviewing, and
editing: Abdullah R. Alanzi, Farhan Siddique, Denekew
Temesgen, Aziz Zouhri, Resources, methodology, data vali-
dation, data curation, and supervision: Hassan Amhamdi,
Mohammed H AL Mughram, Mohammad Khalid, Oualid
Abboussi, and Lhoussain Hajji.

Conflict of interest: Authors state no conflict of interest.
Data availability statement: The datasets generated during
and/or analyzed during the current study are available from
the corresponding author on reasonable request.

References

1. LiH-L. The origin and use of cannabis in eastern Asia linguistic-cultural
implications. Econ Bot 1974;28:293-301.

2. Mokhtari I, Taaifi Y, Harnafi M, Belhaj K, Mansouri F, Melhaoui R, et al.
Hypolipidemic effect of hemp seed oil from the Northern Morocco
endemic beldiya ecotype in a mice model: Comparison with
fenofibrate hypolipidemic drugs. ) Food Qual 2022;2022:1-7.

3. Leonard W, Zhang P, Ying D, Fang Z. Hempseed in food industry:
nutritional value, health benefits, and industrial applications. Compr
Rev Food Sci Food Saf 2020;19:282-308.

4. Taaifi Y, Benmoumen A, Belhaj K, Aazza S, Abid M, Azeroual E, et al.
Seed composition of non-industrial hemp (Cannabis sativa L.) varieties
from four regions in northern Morocco. Int) Food Sci Technol 2021;56:
5931-47.

5. Bachir F, Eddouks M, Arahou M, Fekhaoui M. Origin, early history,
cultivation, and characteristics of the traditional varieties of Moroccan
Cannabis sativa L. Cannab Canna Res 2022;7:603-15.

6. Mzali A, Mahraz AM, Benlabchir AA, Benzeid H, Hassani AC, Amalich S,
et al. Ethnobotanical and ethnopharmacological surveys of Cannabis
sativa (beldiya species) use in the provinces of Taounate and Al
Hoceima. Tropi ] Natu Produ Res 2023;7:5523-33.

7. Afsahi K. Maroc: quand la Khardala et les hybrides bouleversent le Rif.
SWAPS Géopolitique et Drogues. Pistes (Promotion de information
scientifique, thérapeutique, épidémiologique sur le sida)
HAL-01616410 2017;12:21-5.

8. Chouvy PA, Afsahi K. Hashish revival in Morocco. Int | Drug Pol 2014;
25:416-23.

9. Hourmate AM, Redouan FZ, Merzouki G, Merzouki A. Ethnobotanical
study on the different use forms of Cannabis sativa L. in the provinces
of Al-Hoceima and Chefchaouen (Northern Morocco). Ethnobot Res
Appl 2025;30. https://doi.org/10.32859/era.30.27.1-18.

10. Dalli M, Azizi SE, Azghar A, Saddari A, Benaissa E, Ben LY, et al.
Cannabis sativa L.: a comprehensive review on legislation,
decriminalization, phytochemistry, antimicrobial activity, and safety. ]
Food Drug Anal 2023;31:408-35.

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

DE GRUYTER

. Ouhtit R, Ouhtit A, Redouan FZ, Lamrani Z, Merzouki A. Morphometry,

oil yield and fatty acid profile of cannabis achenes from the
Chefchaouen region. Moroc ] Chem 2024;12:43-60.

Oomah BDD, Busson M, Godfrey DV, Drover JCGG. Characteristics of
hemp (cannabis sativa L.) seed oil. Food Chem 2002;76:33-43.
ElSohly MA, Radwan MM, Gul WC, Suman Galal A. Phytochemistry of
Cannabis sativa L. In: Phytocannabinoids: Unraveling the complex
chemistry and pharmacology of Cannabis sativa. Cham: Springer
International Publishing; 2017, vol 103:1-36 pp.

House JD, Neufeld J, Leson G. Evaluating the quality of protein from
hemp seed (Cannabis sativa L.) products through the use of the
protein digestibility-corrected amino acid score method. J Agric Food
Chem 2010;58:11801-7.

Haddou S, Hassania Loukili E, Hbika A, Chahine A, Hammouti B.
Phytochemical study using HPLC-UV/GC-MS of different of Cannabis
sativa L seeds extracts from Morocco. Mater Today Proc 2023;72:
3896-903.

Yan X, Tang J, dos Santos Passos C, Nurisso A, Simoes-Pires CA, Mei J,
et al. Characterization of lignanamides from hemp (Cannabis sativa L.)
seed and their antioxidant and acetylcholinesterase inhibitory
activities. J Agric Food Chem 2015;63:10611-9.

. Sakakibara I, Ikeya Y, Hayashi K, Okada M, Maruno M. Three acyclic

bis-phenylpropane lignanamides from fruits of Cannabis sativa.
Phytochemistry 1995;38:1003-7.

. Farinon B, Molinari R, Costantini L, Merendino N. The seed of

industrial hemp (Cannabis sativa I.): nutritional quality and potential
functionality for human health and nutrition. Nutrients 2020;12:1-60.
Flores-Sanchez IJ, Verpoorte R. Secondary metabolism in cannabis.
Phytochem Rev 2008;7:615-39.

Callaway JC. Hempseed as a nutritional resource: an overview.
Euphytica 2004;140:65-72.

Stambouli H, El Bouri A, Bouayoun T, Bellimam A. Caractérisation de
Phuile de graines de Cannabis sativa L. cultivé au nord du Maroc. Ann
Toxicol Anal 2006;18:119-25.

Chen T, He J, Zhang J, Li X, Zhang H, Hao J, et al. The isolation and
identification of two compounds with predominant radical
scavenging activity in hempseed (seed of Cannabis sativa L.). Food
Chem 2012;134:1030-7.

Maiolo SA, Fan P, Bobrovskaya L. Bioactive constituents from
cinnamon, hemp seed and polygonum cuspidatum protect against
H202 but not rotenone toxicity in a cellular model of Parkinson’s
disease. ] Tradit Complement Med 2018;8:420-7.

Bourjot M, Zedet A, Demange B, Pudlo M, Girard-Thernier C. In vitro
mammalian arginase inhibitory and antioxidant effects of amide
derivatives isolated from the hempseed cakes (Cannabis sativa).
Planta Med Int Open 2017;3:e64-7.

Rashid A, Ali V, Khajuria M, Faiz S, Jamwal S. Antioxidant analysis in
seeds of four different accessions of Cannabis sativa L. From
Jammu2020:1-10.

Wang S, Luo Q, Fan P. Cannabisin F from hemp (Cannabis sativa) seed
suppresses lipopolysaccharide-induced inflammatory responses in
BV2 microglia as SIRT1 modulator. Int ] Mol Sci 2019;20:507.

Zhou Y, Wang S, Lou H, Fan P. Chemical constituents of hemp
(Cannabis sativa L.) seed with potential anti-neuroinflammatory
activity. Phytochem Lett 2018;23:57-61.

Rodriguez-Martin NM, Toscano R, Villanueva A, Pedroche J, Millan F,
Montserrat-De La Paz S, et al. Neuroprotective protein

hydrolysates from hemp (: cannabis sativa L.) seeds. Food Funct 2019;
10:6732-9.


https://doi.org/10.32859/era.30.27.1-18

DE GRUYTER

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Martins AM, Gomes AL, Boas IV, Marto J, Ribeiro HM. Cannabis-based
products for the treatment of skin inflammatory diseases: a timely
review. Pharmaceuticals 2022;15:210.

Frassinetti S, Moccia E, Caltavuturo L, Gabriele M, Longo V, Bellani L,
et al. Nutraceutical potential of hemp (Cannabis sativa L.) seeds and
sprouts. Food Chem 2018;262:56-66.

Frassinetti S, Gabriele M, Moccia E, Longo V, Di Gioia D. Antimicrobial
and antibiofilm activity of Cannabis sativa L. seeds extract against
Staphylococcus aureus and growth effects on probiotic lactobacillus
spp. LWT. Elsevier 2020;124:109149.

Alonso-Esteban J1, Pinela J, Ciri¢ A, Calhelha RC, Sokovi¢ M,

Ferreira ICFR, et al. Chemical composition and biological activities of
whole and dehulled hemp (Cannabis sativa L.) seeds. Food Chem
2022;374:131754.

Zouhri A, El Menyiy N, EI-Mernissi Y, Bouddine T, EI-Mernissi R,
Amhamdi H, et al. Mineral composition, principal polyphenolic
components, and evaluation of the anti-inflammatory, analgesic, and
antioxidant properties of Cytisus villosus pourr leaf extracts. Open
Chem 2023;21:20220338.

Zouhri A, Bouddine T, Menyiy NE, El-Mernissi Y, Laaroussi H,
Chebaibi M, et al. Chemical composition and potential antioxidant,
anti-inflammatory, and analgesic efficacy of Cistus albidus L. Acta
Pharm 2024;74:81-99.

El-Mernissi R, El Menyiy N, Metouekel A, Zouhri A, El-Mernissi Y,
Siddique F, et al. Characterization of phenolic compounds and
evaluation of anti-diabetic potential in Cannabis sativa L. seeds:

in vivo, in vitro, and in silico studies. Open Life Sci 2024;19:20221024.
Mehmood Y, Ibrahim M, Khalid HMB, ul Islam MM, Mushtag MM.
Development and validation of RP-HPLC method for quantification of
clindamycin phosphate and tretinoin drug-loaded microgel. Atl ] Life
Sci [Internet] 2025, https://doi.org/10.71005/a0ht4r94, [cited 2025
Sept 19]. https://atjls.com/index.php/home/article/view/15.
[Accessed 19 Sept 2025].

Zouhri A, Bouddine T, Menyiy NE, Kachkoul R, El-mernissi Y, Siddique F,
et al. Ionomic analysis, polyphenols characterization, analgesic,
antiinflammatory and antioxidant capacities of Cistus laurifolius
leaves: in vitro, in vivo, and in silico investigations. Sci Rep 2023;13:
22890.

El-Mernissi R, El Menyiy N, Moubachir R, Zouhri A, El-Mernissi Y,
Siddique F, et al. Cannabis sativa L. essential oil: chemical
composition, anti-oxidant, anti-microbial properties, and acute
toxicity: in vitro, in vivo, and in silico study. Open Chem 2024;22:1-20.
Miguel Mda G, Doughmi O, Aazza S, Antunes D, Lyoussi B. Antioxidant,
anti-inflammatory and acetylcholinesterase inhibitory activities of
propolis from different regions of Morocco. Food Sci Biotechnol 2014;
23:313-22.

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of
antioxidant capacity through the formation of a
phosphomolybdenum complex: specific application to the
determination of vitamin E 1. Anal Biochem 1999;341:337-41.

koster R, Anderson M, De Beer E. Acetic acid for analgesic screening.
Fed Proc 1959;18:412-7.

Muthuraman A, Singh N. Attenuating effect of Acorus calamus extract
in chronic constriction injury induced neuropathic pain in rats: an
evidence of anti-oxidative, anti-inflammatory, neuroprotective and
calcium inhibitory effects. BMC Compl Alternative Med 2011;11:24.
Sood S, Arora B, Bansal S, Muthuraman A, Gill NS, Arora R, et al.
Antioxidant, anti-inflammatory and analgesic potential of the citrus
decumana L. peel extract. Inflammopharmacology 2009;17:267-74.

44.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

R. El-Mernissi et al.: Phytochemical and biological study of three cannabis sativa varieties —— 19

Hargreaves K, Dubner R, Brown F, Flores C, Joris . A new and sensitive
method for measuring thermal nociception in cutaneous
hyperalgesia. Pain 1988;32:77-88.

Shahid M, Subhan F, Ahmad N, Ullah I. A bacosides containing Bacopa
monnieri extract alleviates allodynia and hyperalgesia in the chronic
constriction injury model of neuropathic pain in rats. BMC Compl
Alternative Med 2017;17:1-12.

Winter CA, Risley EA, Nuss GW. Carrageenin-induced edema in hind
paw. Exp Biol Med 1962;3:544-7.

Basri MA, Mobashar A, Najam K, Akbar Z, Barkat K, Nadeem HH, et al.
Evaluation of anti-inflammatory and anti-arthritic activities of
diphenyl-1h-pyrazol-1-yl ) ethanone. The Atlantic | Life Sci 2025;2025:
1-8.

Lekouaghet A, Boutefnouchet A, Bensuici C, Gali L, Ghenaiet K,
Tichati L, et al. In vitro evaluation of antioxidant and anti-inflammatory
activities of the hydroalcoholic extract and its fractions from Leuzea
conifera L. roots. South Afr | Bot 2020;132:103-7.

EkowatiJ, Tejo BA, Maulana S, Kusuma WA, Fatriani R, Ramadhanti NS,
et al. Potential utilization of phenolic acid compounds as anti-
inflammatory agents through TNF-a convertase inhibition
mechanisms: a network pharmacology, docking, and molecular
dynamics approach. ACS Omega 2023;8:46851-68.

Attig N, Arshad U, Brogi S, Shafiq N, Imtiaz F, Parveen S, et al. Exploring
the anti-SARS-CoV-2 main protease potential of FDA approved marine
drugs using integrated machine learning templates as predictive
tools. Int J Biol Macromol 2022;220:1415-28.

. Nikitha R, Afeeza K, Suresh V, Dilipan E. Molecular docking of

seaweed-derived drug fucoxanthin against the monkeypox virus.
Cureus 2024;16. https://doi.org/10.7759/cureus.58730.

Ejaz SA, Aziz M, Wani TA, Al-Kahtani HM. Evaluation of mechanical
features and antibacterial potential of fluoroquinolone against
B-ketoacyl-ACP synthases (FabB, FabF & FabH) via computational
approaches. Arch Biochem Biophys 2023;744:109674.

Ejaz SA, Farid A, Zargar S, Channar PA, Aziz M, Wani TA, et al.
Computational and theoretical chemistry of newly synthesized and
characterized 2,2’-(5,5-(1,4-phenylene)bis(1H-tetrazole-5,1-diyl))bis-N-
acetamides. BMC Chemistry 2023;17:1-21.

Abida ES, Sajjad BM, Aziz M, Wani TA, Zargar S, Fayyaz A, et al.
Computational exploration of fluorocyclopentenyl-purines and-
pyrimidines derivatives as potential inhibitors of epidermal growth
factor receptor (EGFR) for the treatment of breast cancer. Chem
Biodivers 2023;20:e202301190.

Rizvi SM, Shazi S, Mohd H. A simple click by click protocol to perform
docking. EXCLI Journal 2013;12:831-57.

Morris CJ, Corte DD. Using molecular docking and molecular dynamics
to investigate protein-ligand interactions. Mod Phys Lett B 2021;35:
2130002.

Benzaid C, Hossain FM, Taleb T, Gdmez PM, Dieudonne M. A federated
continual learning framework for sustainable network anomaly
detection in O-RAN. In: IEEE Wireless Communications and
Networking Conference, WCNC. Dubai, United Arab Emirates:
Institute of Electrical and Electronics Engineers Inc.; 2024.

Shivanika SDK, Ragunathan V, Tiwari PAS, P BD. Molecular docking,
validation, dynamics simulations, and pharmacokinetic prediction of
natural compounds against the SARS-CoV-2 main-protease. ] Biomol
Struct Dyn 2022;40:585-611.

Millan S, Jeffery DW, Dall’Acqua S, Masi A. A novel HPLC-MS/MS
approach for the identification of biological thiols in vegetables. Food
Chem 2021;339:127809.


https://doi.org/10.71005/a0ht4r94
https://atjls.com/index.php/home/article/view/15
https://doi.org/10.7759/cureus.58730

20

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

—— R El-Mernissi et al.: Phytochemical and biological study of three cannabis sativa varieties

Vuolo MM, Lima VS, Maréstica Junior MR. Phenolic compounds. In:
Rubi M, Campos S, editors. Bioactive compounds. Amsterdam,
Netherlands: Elsevier; 2019:33-50 pp.

Mizushima Y, Kobayashi M. Interaction of anti-inflammatory drugs
with serum proteins, especially with some biologically active proteins.
J Pharm Pharmacol 1968;20:169-73.

Gonzélez-Gallego J, Garcia-Mediavilla MV, Sanchez-Campos S,
Tufién MJ. Fruit polyphenols, immunity and inflammation. Br J Nutr
2010;104:515-27.

Ismail R, Habib HA, Anter AF, Amin A, Heeba GH. Modified citrus pectin
ameliorates methotrexate-induced hepatic and pulmonary toxicity:
role of Nrf2, galectin-3/TLR-4/NF-kB/TNF-a and TGF-B signaling
pathways. Front Pharmacol 2025;16:1-19.

Foti MC. Antioxidant properties of phenols. ] Pharm Pharmacol 2007;
59:1673-85.

Chen J, Yang J, Ma L, Li J, Shahzad N, Kim CK. Author correction:
structure-antioxidant activity relationship of methoxy, phenolic
hydroxyl, and carboxylic acid groups of phenolic acids. Sci Rep 2020;
10:2611. Scientific Reports. 2020;10:1-9.

Leopoldini M, Marino T, Russo N, Toscano M. Antioxidant properties
of phenolic compounds: H-atom versus electron transfer
mechanism. The journal of physical chemistry A. Am Chem Soc 2004;
108:4916-22.

Siddique F, Daoui O, Ayoub M, Elkhattabi S, Chtita S, Afzal S, et al.
Identification and in silico screening of natural phloroglucinols as
potential PI3Ka inhibitors: a computational approach for drug discovery.
Open Chem 2024;22. https://doi.org/10.1515/chem-2024-0064.
Bouabdallah S, Al-Maktoum A, Amin A. Steroidal saponins: naturally
occurring compounds as inhibitors of the hallmarks of cancer.
Cancers 2023;15:3900.

Higel HM, Jackson N. Polyphenols for the prevention and treatment
of dementia diseases. Neural Regen Res 2015;10:1756-8.

Hbika A, Daoudi NE, Bouyanzer A, Bouhrim M, Mohti H, Loukili EH, et al.
Artemisia absinthium L. aqueous and ethyl acetate extracts: antioxidant
effect and potential activity in vitro and in vivo against pancreatic
a-Amylase and intestinal a-Glucosidase. Pharmaceutics 2022;14:481.
Shamsi MAL, Amin A, Adeghate E. Effect of vitamin C on liver and
kidney functions in normal and diabetic rats. Ann N Y Acad Sci 2006;
1084:371-90.

Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Radic Biol Med
1996;20:933-56.

Santangelo C, Vari R, Scazzocchio B, Di Benedetto R, Filesi C, Masella R,
et al. Polyphenols, intracellular signalling and inflammation. Ann Ist
Super Sanita 2007;43:394-405.

Bhatt LR, Dawadi P, Syangtan G, Siddiqui MA, Lama B, Nepal K et al.
Nutritional value and antioxidant properties of cannabis seeds from
makwanpur district of central Nepal. Sci World 2022;15:103-12.

Aloo SO, Kwame FO, Oh DH. Identification of possible bioactive
compounds and a comparative study on in vitro biological properties
of whole hemp seed and stem. Food Biosci 2023;51:102329.

Irakli M, Tsaliki E, Kalivas A, Kleisiaris F, Sarrou E, Cook CM, et al. Effect
of gynotype and growing year on nutritional,phytochemical,and
antioxidant properties of industrial hemp(cannabis sativa L.)Seeds.
Antioxidants 2019;8:491.

Ahmed M, Ji M, Qin P, Gu Z, Liu Y, Sikandar A, et al. Phytochemical
screening, total phenolic and flavonoids contents and antioxidant
activities of citrullus colocynthis L. and Cannabis sativa L. applied
ecology and. Environ Res 2019;17:6961-79.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

DE GRUYTER

Cook NC, Samman S. flavonoid-
chemistry,metabolism,cardioprotective effects,and dietry sources.
Nutritio Biochem 1996;7:66-76.

EI MN, Guaouguaou FE, El Baaboua A, El Omari N, Taha D, Salhi N, et al.
Phytochemical properties, biological activities and medicinal use of
Centaurium erythraea rafn. ] Ethnopharmacol 2021;276:114171.
Bautista JL, Yu S, Tian L. Flavonoids in cannabis sativa: biosynthesis,
bioactivities, and biotechnology. ACS Omega 2021;6:5119-23.

Nigro E, Pecoraro MT, Formato M, Piccolella S, Ragucci S, Mallardo M,
et al. Cannabidiolic acid in hemp seed oil table spoon and beyond.
Molecules 2022;27:2566.

Poji¢ M, Migan A, Saka¢ M, Dap¢evi¢ Hadnadev T, Sari¢ B,
Milovanovic I, et al. Characterization of byproducts originating from
Hemp oil processing. ] Agric Food Chem 2014;62:12436-42.
Benkirane C, Ben Moumen A, Fauconnier ML, Belhaj K, Abid M,

Caid HS, et al. Bioactive compounds from hemp (Cannabis sativa L.)
seeds: optimization of phenolic antioxidant extraction using simplex
lattice mixture design and HPLC-DAD/ESI-MS2 analysis. RSC Adv Royal
Soc Chem 2022;12:25764-77.

Babiker EE, Uslu N, Al Juhaimi F, Mohamed Ahmed IA, Ghafoor K,
Ozcan MM, et al. Effect of roasting on antioxidative properties,
polyphenol profile and fatty acids composition of hemp (Cannabis
sativa L.) seeds. LWT 2021;139:110537.

Chiang M-C, Tsai T-Y, Wang C-J. The potential benefits of quercetin for
brain health: a review of anti-inflammatory and neuroprotective
mechanisms. Int ] Mol Sci 2023;24:6328.

Yang D, Wang T, Long M, Li P. Quercetin: its main pharmacological
activity and potential application in clinical medicine. In: Quiles JL., editor
Oxidative Medicine and Cellular Longevity; 2020, vol 2020:1-13 pp.
Venkatesan A, Samy JVRA, Balakrishnan K, Natesan V, Kim S-J. In vitro
antioxidant, anti-inflammatory, antimicrobial, and antidiabetic
activities of synthesized chitosan-loaded p-Coumaric acid
nanoparticles. Curr Pharm Biotechnol 2022;24:1178-94.

Tapondjou LA, Lontsi D, Beibam Luc S, Jongwon C, Kyung-Tae L, Hyun-
JuJ, et al. In vivo anti-nociceptive and anti-inflammatory effect of the
two triterpenes, ursolic acid and 23-hydroxyursolic acid, fromcussonia
bancoensis. Arch Pharm Res (Seoul) 2003;26:143-6.

Verano J, Gonzalez-Trujano ME, Déciga-Campos M, Ventura-
Martinez R, Pellicer F. Ursolic acid from Agastache mexicana aerial
parts produces antinociceptive activity involving TRPV1 receptors,
c¢GMP and a serotonergic synergism. Pharmacol Biochem Behav 2013;
110:255-64.

Boonyarikpunchai W, Sukrong S, Towiwat P. Antinociceptive and anti-
inflammatory effects of rosmarinic acid isolated from Thunbergia
laurifolia lindl. Pharmacol Biochem Behav 2014;124:67-73.

Gegotek A, Skrzydlewska E. Antioxidative and anti-inflammatory
activity of ascorbic acid. Antioxidants 2022;11:1993.

Isemura M. Catechinin human health and disease. Molecules 2019;24:
528.

Nadeem M, Imran M, Aslam Gondal T, Imran A, Shahbaz M,
Muhammad AR, et al. Therapeutic potential of rosmarinic acid: a
comprehensive review. Appl Sci 2019;9:3139.

Rao M, Zheng B. The role of polyphenols in abiotic stress tolerance
and their antioxidant properties to scavenge reactive oxygen species
and free radicals. Antioxidants 2025;14:74.

Parejo I, Viladomat F, Bastida ], Rosas-Romero A, Saavedra G,
Murcia MA, et al. Investigation of Bolivian plant extracts for their
radical scavenging activity and antioxidant activity. Life Sci 2003;73:
1667-81.


https://doi.org/10.1515/chem-2024-0064

DE GRUYTER

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

Wang XS, Tang CH, Chen L, Yang XQ. Characterization and antioxidant
properties of hemp protein hydrolysates obtained with neutrase.
Chemis Food Tech Biotech 2009;47:428-34.

Teh S-SS, Bekhit AE-DDA, Carne A, Birch J. Antioxidant and ACE-
Inhibitory activities of hemp (Cannabis sativa L.) protein hydrolysates
produced by the proteases AFP, HT, Pro-G, actinidin and zingibain.
Food Chem 2016;203:199-206.

Girgih AT, Udenigwe CC, Aluko RE. In vitro antioxidant properties of
hemp seed ( Cannabis sativa L.) protein hydrolysate fractions. JAOCS (J
Am Oil Chem Soc) 2011;88:381-9.

Smeriglio A, Galati EM, Monforte MT, Lanuzza F, D’Angelo V,
Circosta C, et al. Polyphenolic compounds and antioxidant activity of
cold-pressed seed oil from finola cultivar of Cannabis sativa L.
Phytother Res 2016;30:1298-307.

Woolf CJ. Review series introduction what is this thing called pain.
Clin Investig 2010;120:10-2.

Fan SH, Ali NA, Basri DF. Evaluation of analgesic activity of

the methanol extract from the galls of quercus infectoria
(Olivier) in rats. Evid Based Complement Alternat Med 2014;2014:
976764.

Glen RH, Venturelli PJ, Fleckenstein AE. Drugs & society, 11th ed.
Burlington, Massachusetts, USA: Jones & Bartlett Publishers; 2011.
Paudel N, Rai M, Adhikari S, Thapa A, Bharati S, Maharjan B, et al.
Green extraction, phytochemical profiling, and biological evaluation
of Dysphania ambrosioides: an in silico and in vitro medicinal
investigation. ] Herbs, Spices Med Plants. Taylor Francis 2024;30:
97-114.

Tiwari Pandey A, Pandey I, Zamboni P, Gemmati D, Kanase A, Singh A,
et al. Traditional herbal remedies with a multifunctional therapeutic
approach as an implication in COVID-19 associated Co-Infections.
Coatings 2020;10:761.

Laaboudi W, Ghanam J, Aissam H, Merzouki M, Benlemlih M, Article O,
et al. Anti-inflammatory and analgesic Activities of olive tree extract.
Int ] Pharm Pharm Sci 2016;8:17-21.

Ochi T, Motoyama'Y, Goto T. The analgesic effect profile of FR122047, a
selective cyclooxygenase-1 inhibitor, in chemical nociceptive models.
Eur ] Pharmacol 2000;391:49-54.

Rashid A, Ali V, Khajuria M, Faiz S, Gairola S, Vyas D. GC-MS based
metabolomic approach to understand nutraceutical potential of
cannabis seeds from two different environments. Food Chem 2021;
339:128076.

Matsunaga T, Ano M, Watanabe K, Yamamoto I, Yoshimura H. Analysis
of nitrogen containing compounds, p-Coumaroyltyramine and
feruloyltyramine, for discrimination of cannabis seeds by HPLC. Eisei
Kagaku 1997,43:215-20.

Kaur R, Singh D, Chopra K. Participation of a 2 receptors in

the antinociceptive activity of Quercetin. ] Med Food 2005;8:
529-32.

Mansouri LE, Bousta D, El A, Hamsas Y-E, Boukhira S, Akdime H, et al.
Phytochemical screening, antidepressant and analgesic effects of
aqueous extract of Anethum graveolens L. From Southeast of
Morocco. 2016;23, e1695, e1699.

Hock FJ. Drug discovery and evaluation: pharmacological assay, fourth
edition; 2015.

12.

113.

14.

115.

116.

7.

18.

119.

120.

121.

122.

123.

124.

125.

126.

127.

R. E-Mernissi et al.: Phytochemical and biological study of three cannabis sativa varieties =—— 21

Salamatullah AM. Antioxidant, anti-inflammatory, and analgesic
properties of chemically characterized polyphenol-rich extract from
Withania adpressa coss. ex batt. Life 2023;13:109.

Morris CJ. Carrageenan-induced paw edema in the rat and mouse.
Methods in molecular biology (Clifton, N.J.). New Jersey: Humana
Press; 2003. p. 115-21.

Di Rosa M. Biological properties of carrageenan. ] Pharm Pharmacol
2011;24:89-102.

Nantel F, Denis D, Gordon R, Northey A, Cirino M, Metters KM, et al.
Distribution and regulation of cyclooxygenase-2 in carrageenan-
induced inflammation. Br J Pharmacol 1999;128:853-9.

Koblyakov. Free radicals and Inflammation(Progress in inflammation
research series). Biochem Mosc 2001;66:937-8.

Cuzzocrea S, Thiemermann C, Salvemini D. Potential therapeutic
effect of antioxidant therapy in shock and inflammation. Curr Med
Chem 2012;11:1147-62.

Luo Q, Yan X, Bobrovskaya L, Ji M, Yuan H, Lou H, et al. Anti-
neuroinflammatory effects of grossamide from hemp seed via
suppression of TLR-4-mediated NF-kB signaling pathways in
lipopolysaccharide-stimulated BV2 microglia cells. Mol Cell Biochem
2017,428:129-37.

Rea Martinez J, Montserrat-de la Paz S, De la Puerta R, Garcia-
Giménez MD, Fernandez-Arche MA. Characterization of bioactive
compounds in defatted hempseed ( Cannabis sativa L.) by UHPLC-
HRMS/MS and anti-inflammatory activity in primary human
monocytes. Food Funct The Royal Soc Chem 2020;11:4057-66.
Calder PC. Fatty acids and inflammation: the cutting edge between
food and pharma. Eur ] Pharmacol 2011;668:550-8.

Del Carmen Recio M, Giner RM, Manez S, Talens A, Cubells L, Gueho J,
et al. Anti-inflammatory activity of flavonol glycosides from
erythrospermum monticolum depending on single or repeated local
TPA administration. Planta Med 1995;61:502-4.

Panthong A, Tassaneeyakul W, Kanjanapothi D, Tantiwachwuttikul P,
Reutrakul V. Anti-inflammatory activity of 5,7-dimethoxyflavone.
Planta Med 1989;55:133-6.

Azeem M, Hanif M, Mahmood K, Ameer N, Chughtai FRS, Abid U. An
insight into anticancer, antioxidant, antimicrobial, antidiabetic and anti-
inflammatory effects of quercetin: a review. Polym Bull 2023;80:241-62.
HanasakiY, Ogawa S, Fukui S. The correlation between active oxygens
scavenging and antioxidative effects of flavonoids. Free Radic Biol
Med 1994;16:845-50.

Bortolotti M, Polito L, Battelli MG, Bolognesi A. Xanthine
oxidoreductase: one enzyme for multiple physiological tasks. Redox
Biol 2021;41:101882.

Harrison R. Physiological roles of xanthine oxidoreductase. Drug
Metab Rev 2004;36:363-75.

Rai M, Singh AV, Paudel N, Kanase A, Falletta E, Kerkar P, et al. Herbal
concoction unveiled: a computational analysis of phytochemicals’
pharmacokinetic and toxicological profiles using novel approach
methodologies (NAMs). Cur Res Tox 2023;5:100118.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/biol-2025-1211).


https://doi.org/10.1515/biol-2025-1211

	A comparative study on phytochemical analysis and biological properties of three varieties of cannabis sativa L. seeds
	1 Introduction
	2 Materials and methods
	2.1 Seed collection
	2.2 Extracts preparation
	2.3 Determination of total phenolic content (TPC)
	2.4 Determination of total flavonoid contents (TFC)
	2.5 High-Performance Liquid Chromatography with Diode Array Detection (HPLC-DAD)
	2.6 Antioxidant activity
	2.6.1 Free radical scavenging (DPPH)
	2.6.2 ABTS radical scavenging assay
	2.6.3 Reducing power
	2.6.4 Total antioxidant capacity (TAC)

	2.7 In vivo anti-nociceptive and Anti-inflammatory activities
	2.7.1 Experimental animals
	2.7.2 Anti-nociceptive activity
	2.7.2.1 Tail flick assay (central anti-nociceptive activity)
	2.7.2.2 Plantar test (central anti-nociceptive activity)
	2.7.2.3 Acetic acid induced writhing test (peripheral anti-nociceptive activity)


	2.8 Anti-inflammatory activity
	2.8.1 In vivo anti-inflammatory activity: carrageenan-induced paw edema assay (Figure 1)
	2.8.2 In vitro anti-inflammatory activity: bovine serum albumin protein denaturation method

	2.9 Docking studies
	2.9.1 Protocols for molecular docking
	2.9.2 Preparation of protein
	2.9.3 Molecular docking


	3 Statistical analyses
	4 Results
	4.1 Total phenolic & total flavonoid contents
	4.2 Polyphenolic composition
	4.3 Antioxidant activity
	4.4 Anti-nociceptive activity
	4.4.1 Central anti-nociceptive activity
	4.4.1.1 Tail flick test
	4.4.1.2 Plantar test

	4.4.2 Peripheral anti-nociceptive activity
	4.4.2.1 Acetic acid induced writhing test


	4.5 Anti-inflammatory activity
	4.5.1 In vivo anti-inflammatory activity: carrageenan-induced rat paw oedema assay
	4.5.2 In vitro anti-inflammatory activity: bovine serum albumin protein denaturation method

	4.6 Correlations of biological activities with phenolic and flavonoid contents
	4.7 In silico studies
	4.7.1 Interpretation of molecular interactions


	5 Discussion
	6 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


