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Chemistry & Biodiversity

Highlights:

The research centered on investigating the chemical composition, the antioxidant, and the anti-inflam-
matory activity of oils and pulpy variants (Imatchan, Harmocha, and Aknari) sourced from O. dillenii.
The investigation encompassed both in vitro and in silico analyses.

Aldehydes were predominant in Opuntia pulp, accounting for 57.33% to 68.25%, and in Opuntia oil,
ranging from 48.92% to 64.7%. E-11-hexadecenal and (E)-2-undecenal were found in significant
quantities in Opuntia oil and fruit.

The oils demonstrated anti-inflammatory activity based on BSA, LOX, Hypotonia, and Heat assays.
With AK variant oil having a LOX inhibition with an 1Csp of 56.72 + 3.97 ug/mL, followed by HA
oil, and IM oil. AK oil showed concentration-dependent inhibition of RBC membrane hemolysis,
reaching 74.31% at 250 mg/mL. AKO, HAO, and IMO oils demonstrated inhibition of heat-induced
hemolysis. IM oil demonstrated the most potent inhibitory effect on albumin denaturation.

The most noteworthy antioxidant results include the significantly lower DPPH ICsq values for O.
dillenii oils in the IM variant (15.17 = 1.28 mg/mL), reduced FRAP ICso values for the AK variant
(30.23 £ 0.6 mg/mL), and the remarkable ferric ion chelating activity of the HA variant with an 1Cs
value of 39.54 + 0.59 mg/mL.

This article is protected by copyright. All rights reserved.

10.1002/cbdv.202301890

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

85UBD17 SUOWILLIOD 8A1:a.1D) 3ot (dde au Aq peusenoB s saoie YO ‘asn Jo $9n1 Joj Arigi T auLuQ A1\, UO (SUORIPUOD-pUR-SWLBHLOY™AB | 1M Aleiq 1 Ul JUO//SANy) SO RIPLOD Pue Swie | 8y 85 *[202/T0/72] uo Arigiqauliuo A8)iA ‘8B - Imed uouiy L AQ 068T0EZ0Z" APAD/Z00T OT/10p/wod Ao imARelq i uluo//:sdny wo.y papeojumoq ‘el ‘088TZTIT



Chemistry & Biodiversity

Abstract:

In this investigation, the study focused on the chemical constitution and the antioxidative as well as anti-in-
flammatory characteristics of oils and pulpy variants (Imatchan (IM), Harmocha (HA), and Aknari (AK))
sourced from O. dillenii. This inquiry encompassed both in vitro and in silico analyses. High-performance
liquid chromatography (HPLC) was employed to ascertain the phenolic constituents, while gas chromatog-
raphy-mass spectrometry (GC-MS) methodologies. were applied to discern the volatile makeup. The appraisal
of antioxidant potential was conducted via the deployment of assays such as 2,2-diphenyl-1-picrylhydrazyl
(DPPH), ferric reducing antioxidant power (FRAP), and ferric ion chelating (FIC) techniques. The anti-inflam-
matory activity was examined using BSA and LOX. Molecular docking methods assessed the antioxidant and
anti-inflammatory properties. According to HPLC findings, the most abundant compounds detected in AKO
and IMO cultivars were quercetin 3-O-p-D-glucoside followed by vanillic acid, ferulic acid and tyrolsol. Con-
cerning headspace GC-MS analysis E-11-hexadecenal and (E)-2-undecenal contribute to the major compounds
detected in Opuntia HA, IM, and AK pulp and oil. The DPPH ICs for AK, HA and IM were 38.41+1.54,
42.2440.29 and 15.17£1.28 mg/mL, respectively. The FRAP ICso capacity of AK, HA and IM was determined
to be 30.23 + 0.6, 55.96 + 0.08 and 23.41 + 1.83 mg/mL, respectively. AK, HA and IM displayed significant
FIC activity, with ICsp values of 42.75 £+ 0.63, 39.54 + 0.59 and 35.31 + 1.38 mg/mL, respectively. The AK,
HA and IM O. dillenii oils were effective in their anti-inflammatory activity. Molecular docking of O. dillenii
oils phenolic compounds was conducted to determine the possible targeted proteins by the phenolic compounds
in O. dillenii’s compounds. Overall, these fruits demonstrated the potential for new ingredients for culinary or
pharmaceutical applications, providing value to these natural species that can flourish in arid conditions.

Keywords: Opuntia dillenii, oil, phenolic compounds, volatile compounds, antioxidant and Anti-inflammatory
activity
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Introduction

The discoveries in the field of medicinal plants and polyphenols continue to evolve, paving the way for
exciting new research [1]. Scientists are actively exploring the diversity of plants to identify new beneficial
compounds and are delving deeply into the mechanisms by which these compounds affect our health. This
quest for knowledge offers a promising perspective for the development of future medical treatments [1]. The
traditional use of medicinal plants in many cultures around the world also highlights the historical importance
of these natural resources in medicine. Ancestral practices often serve as the starting point for modern research
on medicinal plants, underscoring the importance of preserving this traditional knowledge [2]. In the end, me-
dicinal plants and polyphenols represent a valuable source of natural substances that can contribute to our
overall well-being. There are numerous functions of polyphenols, such as antioxidant, antiviral, anti-inflam-
matory, and anticancer activities [3]. These activities are primarily attributed to these compounds' ability to
reduce free radicals and their affinity for various proteins, including enzymes and receptors. Polyphenols sup-
port natural defenses by protecting tissue components (lipids and other macromolecules) from oxidative dam-
age and cellular aging as antioxidants. Their ingestion results in a momentary increase in plasma antioxidant
capacity in the hours following a meal. According to numerous studies, polyphenols may contribute to reducing
chronic diseases related to osteoporosis, cardiovascular and degenerative disorders, and cancer [4].

The characterization of phenolic compounds is particularly interesting due to their antioxidant [5], neu-
roprotective, anti-inflammatory, cardioprotective, hepatoprotective, and antidiabetic properties [6, 7]. However,
Opuntia contains significant quantities of volatile compounds [8], which are also of interest due to their in-
creasing application in the food and pharmaceutical industries.

Volatile organic compounds (VOCSs) exhibit diverse functionalities within biological systems. For in-
stance, as delineated by Schwab et al. [9], VOCs exert an influence on fruit fragrance amplification while
concurrently bestowing protection against herbivores, microbial proliferation, and abiotic stressors. Further-
more, VOCs emanating from fruits serve as a magnet for organisms involved in the dispersal of seeds. Within
the context of flavor and aroma augmentation, volatile organic constituents manifest in both unconstrained and
tethered configurations. In the latter scenario, VOCs, through B-glycosidic linkages to mono- or disaccharides,
are present as latent precursors, underscoring their non-volatile nature. Conversely, unbound VOCs contribute
directly to the olfactory attributes of fruits [10].

The developmental phases of fruit growth and maturation exert a notable influence on volatile organic
compounds (VOCs), inducing both qualitative and quantitative modifications intricately linked to the liberation
of VOCs often stored as glycosylated entities [11]. Consequently, the aromatic fingerprint can serve as a dis-
cerning identifier to discriminate distinct stages of fruit ripening as well as diverse genetic origins of the fruits
[12].

To maximize the nutritional value of our various O. dillenii oils, the study conducted a comprehensive
phytochemical evaluation (GC-MS and HPLC in the headspace) as well as several biological tests, including
antioxidant and anti-inflammatory activity. Their in silico anti-inflammatory and antioxidant potential was as-
sessed. The Pro-Tox Il web server was used to assess their potential toxicity. This will allow us to determine
whether we are dealing with a synergy of active molecules or a single active principle responsible for a specific
biological activity. The results obtained should contribute to promoting the use of these fruits as sources of
functional ingredients for the food sector or other related applications.

Results and discussions
Volatile compounds

Volatile compounds are chemicals with a low boiling point and evaporate easily at room temperature.
They are often used in the fragrance and flavor industries, as well as in some industrial applications. To deter-
mine the composition and concentration of VOCs in samples, Headspace, gas chromatography (GC) and mass
spectrometry (MS) are used to extract volatile compounds from a sample, trapping them in an airtight container
and analyzing the gases above the sample. This method is used to identify and quantify the volatile compounds
in the samples, which can provide information on the plant extract's quality, freshness, and authenticity. Some
volatile compounds in plant extracts include terpenes, alcohols, aldehydes, and esters, which can contribute to
the extract's flavor, aroma, and medicinal properties. So for our investigation, Table 1 and Figure 1 display the
analysis results of the volatile aroma compounds present in Three different O. dillenii samples. A total of 65
volatile compounds were detected and classified into six main categories based on their functional groups:
esters (10 compounds), alcohols (26 compounds), aldehydes (18 compounds), hydrocarbons (2 compounds),
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ketones (7 compounds), terpenes (1 compound) and ether (1 compound). The findings showed significant var-
iations in the quantity and number of volatile compounds in Three different O. dillenii samples. Aldehydes
have been previously identified as a contributor to the aroma of O. dillenii. while aldehydes and alcohols were
found in high amounts in Opuntia Oil and fruit (HA, AK and IM). Aldehydes were the most prevalent type of
volatile organic compounds (VOCs), as shown by their respective proportions of 57.33 = 0.24%, 68.25 + 0.7%,
and 55.50 £ 0.11% of total VOCs in HA, IM, and AK Opuntia pulp, and 48.92 = 0.7%, 64.7 = 0.11% and 62.52
+ 0.2% of total VOCs in HA, IM, and AK Opuntia oil. The aldehyde content in both IM and AK Opuntia pulp
significantly increased. At the same time, there was a significant decrease in aldehyde levels in HA Opuntia
oil compared to the other samples (as shown in Figure 1).

Numerous aldehydes were identified in Opuntia samples, among which E-11-hexadecenal and (E)- 2-
undecenal contribute to the major compounds detected in Opuntia HA, IM, and AK pulp and oil (Table 1).
Other aldehydes present in the cultivar Opuntia were detected at an exceptional level, but the pulp was the
most dominant of these compounds compared to the oil.

For another profile, following aldehydes, alcohols are present in large amounts in our samples. The alco-
hol concentration in IM, AK, and HA is considerable at 30.74 + 0.14%, 34.12 + 0.6% and 16.74 + 0.74%,
respectively, for AK, IM and HA. The HAO cultivar showed higher volatile chemical contents (30.36 + 0,6%)
than the IM, AK and HA Oil varieties. (E)-2-Tridecen-1-ol, was previously reported to be one of the major
contributors to the Opuntia aroma. In comparison, the concentration of the latter was negligible in HAO variety.
The alcohols are most commonly found in fruits, and their levels increase as the variety and its concentration
decrease in oils compared to the pulp variety. This could be attributed to the conversion of aldehydes to alcohols
during fruit ripening with the help of alcohol dehydrogenase and alcohol acyl-CoA reductase enzymes [13].

Among several forms of esters identified in the Opuntia variety (Table 1), isopropyl hexadecanoate was
previously reported to be one of the most ester contributors to the Opuntia aroma ( AKF, AKO and HAF) and
its concentration ( 3.38, 3.16 and 3.55 %, respectively) decreased with others variety. In the HA variety, 1-
hexanol and (E)-2-hexen-1-ol were the most abundant ester identified in HA oil ( 13.08 and 6.64 and their
concentration showed a decreasing tendency as the variety of Opuntia (pulp and oil) changed.

In the present study, Ketones were found in small amounts in the different fruit varieties. However, the
ketones, including 2-isopropyl-5-methyl cyclohexanone and Z, Z-6,28-heptatriactontadien-2-one, were the
most abundant volatile aroma compounds found in Opuntia varieties. Two hydrocarbon molecules were also
discovered in trace amounts. Among these, 1-ethyl-3,5-dimethyl-benzene and 1,2-diisopropenylcyclobutane
were detected only in AK fruit with levels of 2.81 and 4.57, respectively.

According to Chahdoura et al., findings, camphor (49%), nonanal (16.4%) ethyl acetate (54%), 1-hexyl
acetate (15.3%) and 1-nonanol (22%) were the major volatile compound detected in skins and pulps of O.
microdasys and O. macrorhiza using HS-SPME extraction method [14]. Zito et al. Hydrocarbons (43.5%),
aldehydes and ketones (21.8%), and hydrocarbons (21.4%) made up the majority of the chemical groups in oils
from the fruit's red skin. In contrast, the oils from the yellow skin and cactus pear (Opuntia ficus indica L.)
flowers have a low level of these compounds. The main volatile ingredients are benzenacetate aldehyde, D-3-
carene, hexanol, and a-pinene [15]. According to Gonzalez-Aguero et al.. as the fruit grows, tissue damage
makes membrane lipids more accessible to lipoxygenase enzymes. Which then causes them to produce satu-
rated and unsaturated volatile C6 aldehydes and alcohols.
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Table 1. Volatile organic compounds (VOCs) detected using HS/SPME and GC/MS obtained from O. dillenii fruit 187
Volatile Compounds . AK (% HA (% IM (% RI
N° Alcohols RNUGin) oil ( p)ulp oil ( p)ulp oil ) pulp
1 1,6-octadien-3-ol 6.13£0.10 1.04 £0.01 nd 4.03+0.01 nd nd 876
2 1-hexadecanol 13.57+0.52 nd 0.46+0.01 0.2+0.01 nd nd nd 1428
3 2-dodecyl-1,3-propanediol 9.97+0.00 1.01+0.00 0.37 £0.00 0.46+0.00 1.68+0.00 nd nd 1755
4 2-ethylnon-1-en-3-ol 12.13+£0.00 0.89+0.06 1.19+0.06 0.82+0.06 1.23:0.06 nd nd 1419
5 Z-11,13-tetradecadien-1-ol 5.47+£0.00 nd nd nd 7.89+0.00 __ 2.67+0.00 nd 1633
6 2-hexyl-1-octanol 12.43+0.00 nd 0.32+0.00 nd nd nd nd 746
7 2-octadecyl-propane-1,3-diol 15.29+0.00 0.38+0.00 0.63+0.00 0.33+0.00 nd nd nd 1659
8 4-ethylcyclohexanol 9.83£0.09 0.52+0.11 0.32+0.11 0.4+0.11 nd nd nd 1883
9 2,2,4-trimethyl-5-hexen-3-ol 6.83 £0.06 nd 0.67+0.01 1.01+0.01 nd da nd nd 1403
10 5-isopropyl-2-methylbicyclo[3,1,0] hexan-2-ol 523+0.14  0.26+0.08 nd nd nd nd nd 998
11 6,6-dimethyl-cyclohex-2-en-1-ol 15.74+ 0.00 0.5240.02 1.0240.02 0.8+0.02 nd nd 0.39+0.00 695
12 6-methyl-bicyclo[4,2,0]octan-7-ol 12.85+0.00 1.31£0.00 0.3940.00 0.18+0.00 nd nd nd 1915
13 2,3,6-trimethyl-7-octen-3-ol 8.47+0.06 0.38+0.00 0.53+0.00 0.73+0.00 nd nd nd 1695
14 9-octadecen-1-ol 13.99 +0.00 0.4+0.00 0.52+0.00 0.354+0.00 nd 3.37+0.00 nd 1239
15 9-oxa-bicyclo[3,3,1]nonane-1,4-diol 9.45+0.01 3.2940.00 2.88+0.00 2.58+0.00 nd 2.38+0.00 nd 1788
16 2,6,6-trimethyl-bicyclo [3,1,1]heptan-3-ol 15.20+0.20 nd 0.33+0.00 0.14+0.00 nd nd 0.41+0.00 1360
17 cycloheptadecanol 16.52+0.24 0.32+0.00 0.46+0.00 nd nd nd nd 1877
18 4-(1-methylethyl)-cyclohexanol 11.05+£0.11 nd 0.93£0.00 0.88+0.00 nd 1.31+0.00 nd 1967
19 Z,7,7-1,3,12-nonadecatriene-5,14-diol 16.31+0.00 0.59+0.00 0.85£0.00 0.47+0.00 nd nd nd 1531
20 E-2-tetradecen-1-ol 15.97+0.02 0.58+0.01 nd nd nd nd nd 1953
21 heptanol 5.95+£0.00 1.93£0.00 1.9840.00 3.19£0.00 0.69+0.00 7 2.19£0.00  3+0.00 1930
22 trans-9-hexadecen-1-ol 13.22+0.00 0.5740.00 0.68+0.00 0.24+0.00 nd © 5 0.78+0.00  1.1+0.00 842
23 (E)-2-tridecen-1-ol 8.07+0.00 11.46+0.0 14.91+0.00 17.02+0.0 nd -+ 17.20£0.00  16.25+0.0 1726
24 Z-2-octadecen-1-ol 12.63+0.00 0.45+0.09 0.84+0.09 0.33+0.09 nd 1.66£0.09  0.6+0.04 1185
25 2-pentyl-cyclohexane-1,4-diol 15.06+0.04 nd 0.46+0.04 0.23+0.04 nd nd nd 1677
Aldehydes
26 heptanal 4.59+0.06 3.87+0.00 5.21£0.00 8.57+0.00 5.07+0.00 7.17+0.00 6.93+0.00 659
27 (82)-14-methyl-8-hexadecenal 10.56= 0.00 8.51£0.00 nd nd nd 14.33+£ 0.0 nd 1482
28 (E)-2-octen-1-al 7.31+0.02 4.86+0.00 1.94 £0.00 2.93+0.00 nd 2.36+£0.00  2.5+0.02 1075
29 13-tetradecenal 17.46+ 0.00 0.49+0.02 0.76 £0.02 0.42+0.02 nd nd nd 2026
30 1-octanal 7.55+0.01 2.58+0.00 3+0.00 4.43+0.00 2.87+0.00 8.48+0.00  3.06+0.00 1111

This article is protected by copyright. All rights reserved.

11PUOD PUR SWLB | 3U) 88S " [1202/T0/r2] uo ARiq18uluo A8|1m ‘96 - Ined uouiy L A 068T0EZ0Z APGR/Z00T OT/I0p/LI00" A8 M AReq1[ou 1 Juo//:Sdny woy pepeojumoq ‘el ‘088TZTIT

86UB017 SUOLUWOD AAIERID) 3geatjdde aup Aq paussnob afe 3. YO '8sn Jo Sajni 1oy Aeiqi auluo A3(Im uo



Chemistry & Biodiversity

10.1002/cbdv.202301890

31 (E,E)-2,4-dodecadienal 11.17£ .01 2.324+0.00 0.71+£0.00 0.37+0.00 6.4+0.00 2.56+0.00 1.13+0.24 1543
32 Z-2-decenal 10.31+£0.01 8.71+0.24 1.54+0.24 0.85+0.24 11.94+0.24 nd 1.35+0.00 1455
33 E-2-nonenal 896+026  2.51+0.00  2.92+0.00 3.47+0.00 nd 3.2440.00  3.37+0.14 1301
34 2-undecenal 11.81£0.02  0.95+0.14 1.4+0.14 1.2+0.14 12.68+0.14 14.39+0.14  14.52+0.1 1604
35 7-hexadecenal 19.00= 0.19 nd nd nd 12.05+0.16 0.16+0.00 nd 2117
36 (E)-2-undecenal 10.60= 0.01 nd 1227+ 0.17  11.95+0.1 nd 14.39+£0.17  16.98+0.1 1486
37 E-11-hexadecenal 11.92+0.00 8.33+0.19  13.76£0.19  11.64=0.1 0.97+0.19 nd nd 1614
39 E-14-hexadecenal 18.35£0.14 nd nd nd 1.67+0.00 nd nd 2080
40 E-15-heptadecenal 16.03+ 0.00 0.4+0.02 nd nd nd nd nd 1934
41 hept-2-enal 5.74 £0.05 1.8+0.06 2.1+0.06 2.55+0.06 nd 0.49+0.06 3.08+0.14 801

42 hexadecanal 9.65 + 0.00 1.13+£0.14 1.55+0.14 1.47+0.14 nd 0.4+0.14 1.36+0.00 1383
43 octanal 6.412+£0.01  2.46+0.00 8.21£0.00 10.75+0.00 nd 0.44+0.00 8.16+0.05 927

44 undecanal 11.40+0.08 nd 1.96 £ 0.05 1.92+0.05 1.854+0.05 nd 2.26+0.00 1565

Ester

45 (2Z)-2-octadecenyl acetate 13.44+0.01  0.60+0.26 0.85+0.26 0.184+0.26 nd nd nd 1744
46 (42,162)-4,16-octadecadienyl acetate 18.57£0.17  0.68+0.04 1.36 £ 0.04 0.49+0.04 nd nd nd 2092
47 3,7-dimethyl-, acetate 6.13+0.26 1.04+0.01 nd nd 4.03+£0.01 2.04 +0.01 nd 876

48 1-ethyldecyl acetate 7.95+0.00 nd 1.65+0.00 nd nd nd nd 1168
49 2-propyltetrahydro-2H-pyran-3-yl acetate 7.86+0.25 1.72+0.06 nd nd 13.08+0.06 nd nd 1156
50 benzyl 2-hydroxybenzoate 10.84:0.00  1.04=+0.01 nd 6.64 +0.09 nd 1.7540.02 nd 1510
51 methyl 5-oxotridecanoate 4.40+0.02 nd nd nd 0.85+0.02 nd nd 693

52 nonanoic acid, 1-methylethyl ester 10.84+0.06  1.87+0.01 nd nd 0.65+0.01 nd 1.53+0.01 1510
53 octanoic acid, tetradecyl ester 10.10+ 0.00 nd nd nd 0.95+0.01 nd nd 1433
54 3,7-dimethyloct-6-enyl Acetate 19.34+0.00  3.38+0.25 3.16+0.25  3.55+0.25 nd nd nd 2136

Ketones
55 2-methyl-cyclododecanone 14.56:0.09  0.72+0.00 1.01£0.00 0.53+0.00 nd nd 0.85+0.01 1831
56 2-isopropyl-5-methylcyclohexanone 9.10+£0.04 5.39+0.01 nd nd nd 1.43£0.01 nd 1318
57 6-methylhept-5- en-2-one 12.50+ 0.00 nd nd nd 0.83 +£0.01 nd 1665
58 gamma dodecalactone 10.64=+ 0.00 nd 1.24 1.13£0.01 nd 0.78+0.01  0.24+0.20 1490
59 Z,7-6,28-heptatriactontadien-2-one 18.37+ 0.16 0.34 1.28 0.59+ 0.00 4.76 =0.00 nd nd 2081
Ether
60 ether, hexadecyl vinyl 14.27+ 0.00 nd 0.6 0.41+0.02 nd nd nd 1809
Others
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61 1-ethyl-3,5-dimethyl- benzene 6.75+£0.00 2.81£0.34 nd nd nd nd nd 985
62 1,2-diisopropenylcyclobutane 6.94+0.09 4.57+0.21 nd nd nd nd nd 1016
63 2-methyl-7-oxabicyclo [2,2,1] heptane 12.29£0.00  0.64+0.05 nd nd nd nd nd 1647

nd: not detected; Tr: retention time; AK: Aknari, IM: Imtchan HA: Harmocha
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189

The analysis of phenol compounds of Moroccan Opuntia fruits using the HPLC technique resulted in the iden- 190
tification of 14 compounds (Table 2). The analysis of components in oil extracts and their separation based on their 191
physical and chemical properties. This method can also be used to determine the presence of specific compoundsina 192

AU

sample, as well as to quantify their concentrations (Figure 2). 193
Table 2. Phenolic compounds obtained from O. dillenii oil 194
Ne° Compounds (mg/100 g) Tr AKO HAO IMO
1 Catechin 7.32 7.65 6.71 1.05
2 4-Hydroxybenzoic acid 7.58 5.08 1.47 10.52
3 Tyrolsol 8.44 7.83 22.23 7.38
4 Caffeic acid 8.73 2.82 3.51 1.26
5 Vanillic acid 9.26 1.70 3.35 25.59
6 Vanillin 9.42 2.33 3.60 5.08
7 p-Coumaric acid 9.78 3.43 nd nd
8 Sinapic acid 10.11 9.69 3.72 nd
9 Ferulic acid 10.44 24.91 7.31 nd
10 Quercetin 3-O-p-D-glucoside 11.94 2.95 25.74 38.92
11 Rutin 11.40 15.62 2.49 8.77
12 Quercetin 12.33 3.43 7.16 nd
13 Cinnamic acid 12.85 nd 3.72 nd
14 Kaempferol 13.50 12.57 4.31 3.42
nd : not detected
195
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Figure 3. Representative chromatogram of phenolic compounds obtained from O. dillenii fruit 201
202
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The comparison between the chemical compositions of the phenolic compounds of the three cultivars, and HAO
differed qualitatively and quantitatively concerning AKO and IMO cultivars. Table 2 shows the total phenolic content
of aqueous extracts derived from O. dillenii gathered in Morocco in mg/per 100g dry matter. The most abundant
compound detected in AKO and IMO cultivars was quercetin 3-O-B-D-glucoside, with a content of 25.74 and 38.92
mg/100g, respectively. While it was a low quantity in the AKO variety (2.95 mg/100g), followed by vanillic acid
(25.59 mg/100g) detected in IMO and it exists in limited quantity in AKO and HAO variety with a level of 1.70 and
3.35 mg/100g, respectively. Ferulic acid and tyrolsol were identified as AKO and HAO's third and fourth compounds.
They have a similar amount of phenols with 24.91 and 22.23 mg/100g, respectively. Rutin was a modest compound
identified in AKO (15.62+ 0.03 mg/100g). In addition, Kaempferol was detected in the AKO variety with a content
of 12.57 mg/kg. It is found in the other varieties, HAO and IMO, but only in trace amounts. Other compounds with
low values have been identified. Catechin, quercetin and vanillin were present in amounts of 7.65+0.06, 7.16+ 0.07
and 5.08+0.05 in AKO, HAO and IMO, respectively. These oils' contents were in agreement with those found in the
literature. Ghanya Al-Nageb et al., found that vanillin, 4-hydroxybenzaldehyde, vanillic acid, and hydroxytyrosol
were the most phenols compounds detected in OFI and OD oils [16]. A previous study used HPLC to identify the
phytochemicals in oil extracted from OD seeds. For example, loukili et al. discovered that methanolic OD seeds extract
contains significant amounts of syringic acid, vanillic acid, kaempferol and quercetin 3-O-B-D-glucoside [17]. Ac-
cording to Jelena et al., quercetin and kaempferol were only in trace amounts in seed and juice extracts. Myricetin
was also found in trace amounts in all extracts [18]. The analyzed seed oil identified Tyrosol, vanillin, ferulic acid,
pinoresinol, and cinnamic acid as major phenolic compounds [19]. In another study evaluated by Nadia Chougui et
al., eight major peaks were selected to identify which Feruloyl-sucrose isomer three and Feruloyl derivative are the
main compounds detected in seed oil [20].
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Anti-inflammatory drugs, both steroidal (glucocorticoids) and non-steroidal (diclofenac), are currently used to
treat inflammation. Although effective, these molecules often have adverse effects, which may hinder their long-term
use [21], whereas phytochemicals are useful and without side effects [22]. Opuntia dillenii has pharmacological power
with numerous therapeutic indications. The anti-inflammatory activity of three O. dillenii oil seed varieties was eval-
uated via the lipoxygenase (LOX) test and the bovine serum albumin (BSA) anti-denaturation method Table 3.

Table 3. The anti-inflammatory activity (LOX: lipoxygenase, BSA: bovine serum albumin) of three O. dillenii oil seed varieties

Anti-inflammatory Activity I1Cso (ug/mL)

Organs and Standards

BSA LOX
AK 43.17 +0.17 56.72 + 3.97
HA 62.0+ 10.19 74.59 + 4.23
IM 33.34+0.18 91.56 + 5.47
Diclofenac 83.94 +1.53 -
Quercetin - 71.41+2.11

LOX: lipoxygenase, BSA: Bovine Serum Albumin

Lipoxygenase inhibitory activity

Lipoxygenase inhibitory activity was used to examine the anti-inflammatory potential of O. dillenii oil seed. The
finding was interesting, with inhibition percentages at the corners ranging from 81 to 93% at concentrations ranging
from 20 to 100 pg/mL Figure 3. The protective effect of three Opuntia dillenii oil seed varieties (AK, HA and IM) is
significantly different (56.72 + 3.97, 74.59 + 4.23 and 91.56 + 5.47 pg/mL) compared to the standard quercetin
(71.41£2.11 pg/mL) (Table 3) at the doses used (20, 40, 60, 80 and 100 pg/mL). These findings show that samples of
this plant have a high to moderate lipoxygenase inhibitory activity. The AK variety has the highest 1Cso (56.72 + 0.97
pg/mL), followed by HA (74.59 + 0.23 pg/mL) and IM (91.56 £+ 0.47 pg/mL).

Inhibition of Albumin Denaturation

Anti-inflammatory properties have also been evaluated using the inhibition of albumin denaturation. In vitro,
The results show that all the samples (AK, HA and IM) tested at 20-100 ug/mL inhibit BSA denaturation with an 85%
to 97%. The IM has the most potent inhibitory Effect (ICso=33.34+0.18 pg/mL). This inhibition is statistically similar
to the reference Diclofenac (ICso = 83.94+ 1.53 pg/mL) at the same concentrations (Table 3).

Hypotonic solution-induced hemolysis of human red blood cells

From the results in Figure 3a and Table 4, the three oils of O. dillenii and concentration-dependently inhibited
RBC membrane hemolysis in a hypotonic solution. The percentage inhibitions increased from 48.76, 66.16 to 74.31%
at a concentration of 70, 100 and 250 mg/mL, respectively, for AKO, 36.18, 60,05 to 64.59% for HAO and 37.16,
50.99 to 57.14% at a same concentration for IMO. The percentage inhibition was comparable with diclofenac which
was 48.88, 75.06 and 76.45% at concentrations of 70, 100 and 250 pg/mL, respectively, with an ICsq of 77.31 mg/mL,
79.58mg/mL and 80.25mg/mL.

Heat-induced hemolysis

The three O. dillenii oils also inhibited heat-induced hemolysis by 74.57, 72.76% and 59.12% at 250 mg/mL for
KAO, HAO and IMO, respectively. The effect was similar to diclofenac which gave percentage inhibitions of 77.86%
at concentrations of 250 mg/mL respectively, as shown in Figure 1b. and the ICso was a range of 83.80 mg/mL 82.74
mg/mL 92.71 mg/mL compared to diclofenac as reference a (65.33 mg/mL).

The study and evaluation of the anti-inflammatory activity were carried out according to the in vitro method of
stabilization of the RBC membrane, whose hemolysis was induced by two agents: heat or hypotonicity. The different
oils of O. dillenii showed a considerable inhibitory effect against erythrocyte hemolysis induced by both heat and
hypotonicity in a dose-dependent manner, probably explained by the ability of these oils to protect the membrane of
rat red blood cells effectively.

O. dillenii is an excellent source of compounds with a wide range of biological activities, including anti-inflam-
matory properties. The abundance of phenolic compounds in oils, particularly flavonoids such as quercetin and
kaempferol, tyrolsol and vanillic acid, may contribute to the anti-inflammatory effect demonstrated in this study [23-
25]. Numerous studies have documented that plant-derived volatile compounds, whether present in substantial or
minor quantities, exert diverse biological effects, including anti-inflammatory properties [26]. Nevertheless,

This article is protected by copyright. All rights reserved.

10.1002/cbdv.202301890

226

227
228
229
230
231

232

233

234
235
236
237
238
239
240

241

242
243
244
245

246

247
248
249
250
251
252

253

254
255
256
257
258
259
260
261
262
263
264
265
266
267

85UBD17 SUOWILLIOD 8A1:a.1D) 3ot (dde au Aq peusenoB s saoie YO ‘asn Jo $9n1 Joj Arigi T auLuQ A1\, UO (SUORIPUOD-pUR-SWLBHLOY™AB | 1M Aleiq 1 Ul JUO//SANy) SO RIPLOD Pue Swie | 8y 85 *[202/T0/72] uo Arigiqauliuo A8)iA ‘8B - Imed uouiy L AQ 068T0EZ0Z" APAD/Z00T OT/10p/wod Ao imARelq i uluo//:sdny wo.y papeojumoq ‘el ‘088TZTIT



Chemistry & Biodiversity

10.1002/cbdv.202301890

investigations have focused on the assessment of the anti-inflammatory potential of Monoterpene alcohols, including 268
but not limited to linalool and linalyl acetate, as well as their corresponding esters. These compounds, recognized as 269
prominent constituents among the volatile components of numerous aromatic plants, have exhibited considerable ef- 270
ficacy in combating inflammation, marking them as auspicious candidates within the realm of volatile bioactive agents 271
[27]. 272
For example, aliphatic and aromatic aldehydes have been shown to have significant anti-inflammatory and anti- 273
microbial properties 101. There is a good correlation between anti-inflammatory activity and the terpenes and sesquit- 274
erpenes evaluated, which appear to be good 5-LOX inhibitors in vitro. Sesquiterpene alcohols, aliphatic aldehydes 275
and some phenolic esters are phytochemicals that are known to have anti-inflammatory activities, namely cyclooxy- 276
genase (COX) and lipoxygenase (LOX) [28]. In our finding, the anti-inflammatory properties may be due to the pres- 277
ence of aliphatic aldehydes (trans-2-Decenal, Dodecanal and Decanal) and esters (Benzyl salicylate, Citronellyl ace- 278
tate and Linalyl acetate) in O. dillenii oil seed of three varieties [28, 29] 279
280
100- 100
A
™ A= "] P —=— ——
g« g e 3
-E 40 MO (mg/ml) -E 40+ ‘.‘ —e—  IMO (mg/ml)
o N TIm s o
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(l) :'»IO l(;() 1;() 2;)0 2‘%0 Sl() |ll)0 1;0 2[‘)() 2;;()
Concentration Concentrations
281
282
Figure 4. Inhibition percentage values obtained with Hypotonia (A) and Heat-induced hemolysis, (B) assay of O. dillenii oils 283
284
Table 4 . The I1Cso values (mg/mL), obtained with Hypotonia and Heat-induced hemolysis assay, of O. dillenii oils 285
Samples/ Reference Hypotonia Heat
AK 83.80+ 1.54 77.31+0.63
HA 82.74 +£0.29 79.58 + 0.59
IM 92.71+1.28 80.25+ 1.38
Diclofenac Na (mg/mL) 65.33 + 1.51 75.54 + 0.64
286
Natural products. Particularly those of plant origin. It has been an exciting source of new compounds in the 287
search for bioactive molecules widely used in therapeutics as antioxidant activity. Therefore, the antioxidant capacity 288
of the oils extracted from the fruit of O. dillenii was evaluated. For this purpose. The following methods were studied: 289
iron reduction (FRAP). 2.2-diphényl 1-picrylhydrazyle reduction (DPPH) as well as ferrous iron chelation capacity 290
(FIC). The results differed significantly depending on the test chosen. The ability of extracts to neutralize DPPH varied 291
significantly with concentration. Table 5 shows the results. 292
According to the findings, there is a proportional increase in DPPH radical scavenging activities as a function of 293
extract concentrations. IM variety has the greatest antioxidant effect, followed by AK and HA. with ICs values of 294
15.17+41.28. 38.41+1.54 and 42.24+0.29 pg/mL, respectively. Trolox has an ICsg value of 19.18+1.51 pg/mL as the 295
reference standard. 296
297
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Table 5. ICso (ug/mL) value of the Antioxidant Activity

Samples/ Standards

Antioxidant Activity 1Cso (ug/mL)

DPPH FRAP FIC
AK 38.41+1.54 30.23 £ 0.60 42,75+ 0.63
HA 42.24 +0.29 55.96 + 0.08 39.54 + 0.59
IM 15.17 + 1.28 23.41+1.83 35.31+1.38
Trolox 19.18 +1.51 - -
Gallic acid - 39.29+1.35 -
Ascorbic acid - - 47.21+0.64

Generally, the reducing power of the ethanolic and aqueous extracts and that of the fractions increased with their
concentrations. At a Img/mL dose. the IM and AK showed excellent antioxidant activity (ICso: 23.41 + 1.83, and
30.23 £ 0.60 pg/mL). respectively. Compared to gallic acid (39.29 + 1.35ug/mL) taken as a reference. The HA has a
minor effect compared to the others (55.96 + 0.08 pg/mL). The reducing power is probably due to the presence of the
hydroxyl group in the phenolic compounds, which can serve as an electron donor. Therefore. Antioxidants are con-
sidered to reduce and inactivate oxidants [30].

The chelating capacity of ferrous iron varied significantly between the samples studied (Table 23). The FIC of
the AK. HA and IM were significantly higher (ICso: 42.75 + 0.63, 39.54 + 0.59, and 35.31 + 1.38 pg/mL) than the
reference's 1Csp (47.21 £ 0.64 pg/mL) (ascorbic acid). These differences could be due to differences in the phyto-
chemical composition contained.

The antioxidant Effect of the different extracts of our plant could be due to a synergism between polyphenols
and other components. In fact, the latter is known to be excellent antioxidants whose oxide-reducing properties allow
them to act as reducing agents. Hydrogen donors and oxygen inhibitors [31] due to their chemical structures with
many hydrogen atoms. Hydroxyl groups. Phenylated rings could capture free radicals by demobilizing their single
electrons [32].

Toxicity prediction using Pro-Tox Il

Table 6 provides important information regarding the toxicity predictions and toxic endpoints of major com-
pounds found in O. dilleni. The compounds are listed from (1) catechin to (14) kaempferol. The table includes data
on predicted LD50 values (lethal dose for 50% of the population) and hazard classes. The table also provides infor-
mation on organ toxicity and various toxicity endpoints, such as hepatotoxicity, immunotoxicity, mutagenicity, and
carcinotoxicity. The terms "Act." and "Ina." indicate whether a compound is predicted to be active or inactive, respec-
tively, in causing the specific toxicity endpoints. The corresponding probabilities (labeled as "Prob.") offer insights
into the likelihood of a compound exhibiting specific toxic effects.

Analyzing the table, the catechin, with a predicted LD50 of 10,000 mg/kg, falls under hazard class VI, indicating
it is considered non-toxic. Similarly, vanillic acid, vanillin, and rutin, with LD50 values falling from 2,000 mg/kg to
5,000 mg/kg, are classified as hazard class V. This suggests that these compounds may be harmful if swallowed.
Among the compounds categorized as hazard class IV (300 mg/kg < LD50 < 2,000 mg/kg), the tyrosol, caffeic acid,
ferulic acid, quercetin 3-O-B-D-glucoside, and others. These compounds are considered harmful if swallowed. They
demonstrate a range of predicted LD50 values, indicating differing potential toxicity levels. Notably, quercetin, with
a predicted LD50 of 159 mg/kg, falls under hazard class Ill. This classification suggests that quercetin is toxic if
swallowed and requires caution.

Additionally, several compounds exhibit activity in specific toxicity endpoints. For example, compounds like
caffeic acid, sinapic acid, ferulic acid, and rutin show activity in toxicity endpoints such as carcinogenicity and im-
munotoxicity. Their respective probability values indicate the likelihood of activity in these endpoints.

In the sample AKO, p-coumaric acid has been identified as an active carcinogenic agent with a moderate prob-
ability of 0.50. This suggests that there is a reasonable likelihood that p-coumaric acid may contribute to developing
cancerous conditions. Furthermore, AKO and HAO contain sinapic and ferulic acids, albeit in varying quantities.
These compounds have undergone screening and have been determined to have immunotoxic properties. This implies
that sinapic acid and ferulic acid present in AKO and HAO may impact the immune system, potentially affecting its
functioning and response. In addition to the immunotoxic effects, cinnamic acid in HAO is hepatotoxic. This indicates
that cinnamic acid, when consumed or exposed to the liver, may potentially cause damage or toxicity to this particular
organ.
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It is essential to consider these findings as indicators of potential risks associated with the presence of these
compounds. However, further investigation and research are necessary to fully understand the extent of their toxicity
and determine safe levels of exposure or consumption.
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Table 6. Prediction of toxicity and the toxic endpoints of the major compounds found in O. dillenii. (1) catechin, (2) 4-hydroxybenzoic acid, (3) tyrosol, (4) caffeic acid, (5) vanillic acid, (6) 344

vanillin, (7) p-coumaric acid, (8) sinapic acid, (9) ferulic acid, (10) quercetin 3-0-B-d-glucoside, (11) rutin, (12) quercetin, (13) cinnamic acid, (14) kaempferol. 345
Pre- Organ toxicity Toxicity endpoints
No. dli(gEd Class Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Carcinotoxicity
(mg ”5(09) Predi.* Prob. Predi. Prob. Predi. Prob. Predi. Prob. Predi. Prob.

1 10000 VI Ina. 0.72 Ina. 0.51 Ina. 0.96 Ina. 0.55 Ina. 0.84
2 2200 Vv Ina. 0.52 Ina. 0.51 Ina. 0.99 Ina. 0.99 Ina. 0.86
3 1030 v Ina. 0.82 Ina. 0.75 Ina. 0.99 Ina. 0.93 Ina. 0.91
4 2980 \Y Ina. 0.57 Act. 0.78 Ina. 0.50 Ina 0.98 Ina. 0.86
5 2000 v Ina. 0.55 Ina. 0.64 Ina. 0.97 Inia: 0.96 Ina. 0.93
6 1000 v Ina. 0.52 Ina. 0.60 Ina. 0.55 Ina. 0.98 Ina. 0.94
7 2850 Vv Ina. 0.51 Act. 0.50 Ina. 0.91 Ina. 0.93 Ina. 0.81
8 1772 v Ina. 0.54 Ina. 0.67 Act. 0.89 Ina’ 0.87 Ina. 0.96
9 1772 v Ina. 0.51 Ina. 0.61 Act. 0.91 Ina 0.96 Ina. 0.88
10 1034 v Act. 0.51 Ina. 0.67 Ina. 0.99 Ina 0.98 Ina. 0.86
11 5000 \Y Ina. 0.80 Ina. 0.91 Act. 0.98 Ina; 0.88 Ina. 0.64
12 159 111 Ina. 0.69 Act. 0.68 Ina. 0.87 Ina. 0.51 Ina. 0.99
13 2500 \Y Act. 0.54 Ina. 0.82 Ina. 0.95 Ina. 0.96 Ina. 0.83
14 3919 V Ina. 0.68 Ina. 0.72 Ina. 0.96 Inc 0.52 Ina. 0.98
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Chemistry & Biodiversity

To evaluate the results of the given antioxidant and anti-inflammatory activity and clarify the mechanisms
of action of the bioactive compounds in O. dillenii. An in-silico study investigating the antioxidant and anti-
inflammatory activities of O. dillenii phenolic compounds revealed significant effects against NADPH oxidase
and lipoxygenase, respectively. Molecular docking has been used against both BSA and LOX receptors as a
powerful bioinformatics tool. It allows an atomistic overview of the binding mode of each bioactive compound
to the receptors active site. Thus providing crucial knowledge and understanding of these natural molecules
effectiveness for their uses as therapeutic agents.

Regarding antioxidant activity, rutin and vanillic acid exhibited the highest potency against NADPH ox-
idase, with a glide Gscore of -6.989 Kcal/mol and -6.618 Kcal/mol, respectively.

Regarding anti-inflammatory activity, sinapic acid and kaempferol were the most effective molecules
against lipoxygenase, yielding a glide Gscore of -7.065 Kcal/mol and -6.961 Kcal/mol, respectively. These
compounds displayed notable potential in suppressing the inflammatory response (Table 7).

Compared to the standards, rutin, vanillic acid, catechin, and p-coumaric acid demonstrated greater inhi-
bition energy against NADPH oxidase when compared to Trolox (-6.363 kcal/mol). Furthermore, all the mol-
ecules investigated for their inhibitory power against lipoxygenase exhibited higher inhibition energy than
diclofenac (-5.595 kcal/mol), except for tyrosol (-3.867 kcal/mol) and quercetin 3-O-B-D-glucoside (-5.415
kcal/mol) (Table 7).
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Table 7. Docking results in ligands in different receptors

10.1002/cbdv.202301890

antioxidant activity

anti-inflammatory activity

Glide gscore Glide emodel Glide energy Glide gscore Glide emodel Glide energy

Kcal/mol Kcal/mol Kcal/mol Kcal/mol Kcal/mol Kcal/mol
Rutin -6.989 -87.795 -61.324 -6.548 -99.305 -68.316
Vanillic acid -6.618 -42.986 -27.939 -6.367 -43.475 -19.78
Catechin -6.532 -53.928 -37.389 -5.681 -53.357 -36.181
p-Coumaric acid -6.073 -45.238 -29.611 -6.394 -41.106 -19.167
Caffeic acid -5.988 -47.241 -30.903 -6.514 -44.596 -22.641
Sinapic acid -5.981 -51.585 -34.694 -7.065 -50.399 -24.049
Ferulic acid -5.49 -45.828 -30.8 -6.555 -45.554 -22.364
Vanillin -6.427 -39.849 -25.406 -6.166 -32.705 -12.518
Tyrosol -5.163 -31.951 -23.73 -3.867 -30.673 -23.111
4-Hydroxybenzoic acid -5.102 -36.443 -24.239 -6.422 -41.624 -18.149
Cinnamic acid -4.731 -36.026 -24.139 -5.802 -36.27 -17.496
Quercetin -6.23 -68.339 -46.008 -6.707 -51.068 -27.781
S_%‘*_B"g'_glucosi de 5.734 -74.432 -51.96 5.415 -70.344 -50.885
Kaempferol -5.385 -57.673 -40.932 -6.961 -49.801 -25.845
Diclofenac NA NA NA 5,595 - 51.953 -27.908
Trolox -6.363 -53.064 -34.023 NA NA NA

NA: not applicable

This article is protected by copyright. All rights reserved.
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Chemistry & Biodiversity 10.1002/cbdv.202301890

found that rutin forms four hydrogen bonds within the active site of NADPH oxidase. These hydrogen bonds
are established with specific residues, namely LYS187, ASP179, and VAL214. Rutin forms a Pi-cation bond
with residue LYS213 in the same active site. In contrast, when interacting with the active site of NADPH
oxidase, vanillic acid forms a single hydrogen bond with residue VAL214 and a salt bridge with residue
LYS213 (Figure 4 and 5).

Moreover, sinapic acid established a salt bridge with the FE2 701 residue in the lipoxygenase active site.
At the same time, kaempferol also established a single hydrogen bond with the GLU614 residue in the same
active site (Figure 4 and 5).

This article is protected by copyright. All rights reserved.
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378

Figure 5. The 2D viewer of ligands interactions with the active site. A, B and E: rutin, vanillic acid and Trolox interactions 379
with active site of NADPH oxidase. C, D, and F: sinapic acid, kaempferol and Diclofenac interactions with active site of 380

Lipoxygenase
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408

409

Figure 6. The 3D viewer of ligands interactions with the active site. A, B and E: rutin , vanillic acid and Trolox interactions 410
with active site of NADPH oxidase. C, D, and F: sinapic acid, kaempferol and Diclofenac interactions with active site of 411

lipoxygenase
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Conclusions

Opuntia dillenii, sometimes known as prickly pear or nopal, is a plant that contains chemical compounds
that have biological function. Bioactive chemicals have a variety of health effects and are frequently studied in
pharmaceutical research. The study aims to investigate the phytochemical screening, anti-inflammatory and
antioxidant potentials of Opuntia dillenii oil seeds. The oils had anti-inflammatory activity as determined by
BSA, LOX, Hypotonia and Heat assay. Additionally, the results indicated that Opuntia dillenii oil has potent
antioxidant properties. In general, results indicated that these oils possess potent bioactivities. The phytochem-
ical screening showed that Opuntia dillenii oil contains a substantial amount of phenolic composition. Quer-
cetin 3-O-B-D-glucoside was the most prevalent component found in AKO and IMO cultivars, with concen-
trations of 25.74 and 38.92 mg/100g, respectively. While it was identified in a modest amount in the AKO
variety (2.95 mg/100g), it was followed by vanillic acid (25.59 mg/100g) in IMO and it exists in a limited
amount in the AKO and HAO varieties with levels of 1.70 and 3.35 mg/100g, respectively. The presence of
those compounds in the samples is responsible for pharmacology activity. GC-MS analyses have substantiated
the presence of noteworthy quantities of volatile constituents within O. dillenii. Aldehydes have previously
been recognized as a component of the scent of O. dillenii, and aldehydes and alcohols were found in significant
concentrations in Opuntia oil and fruit (HA, AK, and IM). Aldehydes were the most common type of volatile
organic compound (VOC), accounting for 57.33 0.24%, 68.25 0.7%, and 55.50 0.11% of total VOCs in HA,
IM, and AK Opuntia pulp, and 48.92 0.7%, 64.7 0.11%, and 62.52 0.2% in HA, IM, and AK Opuntia oil. The
potential involvement of E-11-hexadecenal and (E)-2-undecenal in the demonstrated in vitro anti-inflammatory
and antioxidant efficacy is evident. This ascertained data furnishes scientific substantiation for the established
traditional therapeutic applications of Opuntia dillenii while concurrently underscoring a propitious avenue for
the advancement of anti-inflammatory pharmaceutical agents derived from this botanical source.

In summary, the research appears to center on Opuntia dillenii, studying its bioactive characteristics and
volatile profiles in depth, with a particular focus on its possible pharmaceutical applications. This type of re-
search is widespread in the subject of pharmacognosy, which is concerned with the investigation of natural
compounds as potential sources of novel medications.

Experimental Section
Plant materials

In this study, three Moroccan Opuntia fruit varieties were used: Harmoucha (HA) from Oujda, Aknari
(AK) from Nador (Northern Morocco), and Imtchan (IM). The matured purple fruits of prickly pear (O. dillenii)
were collected in March 2023 from Essaouira.

Fresh species were collected in sterile plastic bags and systematically brought to the laboratory. Fresh
fruit seeds were separated. The separated seeds were allowed to dry at room temperature before being cold-
pressed with an oil extraction machine. Extracted seed oil and fresh pulp were packaged in a 30 mL glass bottle
and stored at -4°C until use.
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Cold-pressed extraction

The raw material seeds are mechanically pressed to extract the necessary oils in cold-pressed extraction.
To avoid heat-induced damage to the sensitive molecules, the materials are crushed or ground at moderate
temperatures, usually below 120°F (49°C).The seeds are placed between permeable barriers, increasing the
mechanical pressure and reducing the volume available for the seeds.

In general, whatever the seeds used, the higher the pressure, the more efficient the oil extraction. In a
p55/AFY ACH oil press voltage 220V/380V electrical power 1.5 kw, serial number 0020200107, we put 3 kg
of Opuntia seeds in the press, an extraction that lasts around 45 minutes, then we filter our oil through a 20-
plate mechanical filter and store at 4°C until use [33].

Phenolic compound extraction

The phenol extraction was carried out in a liquid/liquid manner. One gram of oil was combined with two
milliliters of 99% methanol, vortexed for ten minutes, and centrifuged at 4500 rpm for fifteen minutes. The
supernatant was pipetted into a volumetric flask, and each sample was extracted three times. The final volume
collected was 5 mL and stored at 4°C. On the same day as the extraction, the extract was examined using HPLC
equipment.

Headspace Procedure

Before the isolation of volatile compounds, 1 gram of the chosen plant material ( vegetal oil and Fresh
pulp) was carefully weighed into weighing boats. Subsequently, it was transferred into 20 mL vials using a
clamp and sealed within those vials until it reached room temperature for frozen samples. The Solid-Phase
Microextraction (SPME) fibers were exposed to the headspace of these samples for 10 minutes at 80°C. Fol-
lowing this, the extracted analytes were desorbed, separated, and promptly identified using Gas Chromatog-
raphy-Mass Spectrometry (GC-MS).

GC-MS analysis

The prepared samples (1 pL) were injected into an automatic injection system using a Shimadzu GC
system (Kyoto, Japan) equipped with a BPX25 capillary column with a 5% diphenyl and 95% dime-
thylpolysiloxane phase (30 m, 0.25 mm, and 0.25 m) and coupled to a QP2010 MS. The mobile phase was
helium gas (99.99%) at a flow rate of 1.69 L/min. The injection, ion source, and interface temperatures were
set to 250 °C, while the temperature program for the column oven was set to 50 °C for 1 min before being
heated to 250 °C at a rate of 10 °C/min and maintained for an additional minute. The sample components were
ionized in the Electron lonization (EI) mode at 70 eV and a scanned mass range of 40 to 300 m/z. The NIST
mass spectral library of the CG-MS data system was used to compare the results [34-36]. The peak area was
used to compute the percentage composition.

Determination of phenolic compounds by HPLC-DAD

Separation of phenolic compounds was performed on an Agilent 1200 (Agilent Technologies, Palo Alto,
CA, USA) linked to a diode array UV detector (Bruker, Germany). Each extract (20 pL) was injected into a
Zorbax XDB-C18 (5 pum porosity, 250 4.6 mm; Agilent Technologies series 1100 system (Palo Alto, CA,
USA)) column and an elution gradient of 0-25 min, 20% B; 25-30 min, 100% B; and 30-35 min, 20% B. The
mobile phases employed for sample elution were A (water/0.5% phosphoric acid) and B (methanol), with a
flow rate of 1 mL/min. The separation was carried out at a constant temperature of 40°C. At 254, 280, 320,
350, and 540, spectrophotometric detection was done, as described in our works [37, 38].

Antioxidant activity
DPPH assay
The assessment of free radical scavenging activity was conducted via spectrophotometry following the pro-
cedure outlined by Elbouzidi et al., [39]. Specifically, 100 uL of the extract was introduced into 1 mL of the
DPPH solution. Subsequently, the reduction in absorbance was determined at 517 nm following a 30-minute
incubation in a dark environment. Ascorbic acid served as the standard for comparison. The computation of
the percentage of antioxidant activity was carried out using the following formula (1):
1 % = ((Acontrol — A sample) / Acontrot) X100 (1)
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Where:
A controt: Absorbance of the control after 30 minutes.
Asampie: Corresponding the Absorbance of extract.

Ferric-reducing power assay (FRAP)

The assessment of ferric-reducing power (FRAP) was conducted following the protocol outlined by
Oyaizu et al., [40]. In this procedure, 250 pL of the sample was combined with 250 pL of phosphate buffer
(0.2 M, pH 6.6), and 250 pL of a 1% potassium ferricyanide solution (KsFe(CN)s). After a 20-minute incuba-
tion at 50°C, the mixture was supplemented with 250 pL of trichloroacetic acid (10%), 1 mL of distilled water,
and 250 pL of ferric chloride (0.1%). The resulting absorbance was then measured at 700 nm. Ascorbic acid
served as the standard, and the reducing power was expressed as a percentage.

The percentage calculation was determined using the following formula (2):

1% = ((Acontrol - ASamPIE) / Acontro) X100 (2)
Where:
A controt: Absorbance of the control after 30 minutes.
A sample: Absorbance of the test corresponding to our extract.

Ferrous Iron Chelating (FIC) Assay

The ability of the extracts to chelate iron (I1) was determined according to the method described by Dinis
et al., [41] with some modifications. In summary, 100 pL of the extract was added to 50 uL of FeCl; (2.0 mM)
and 1.8 mL of distilled water. After 5 minutes, the reaction was initiated by adding 50 pL of ferrozine (5.0
mM). After incubation for 10 minutes, the absorbance was measured at 562 nm.

Anti-inflammatory activity
Lipoxygenase inhibition test

The evaluation of the anti-inflammatory attributes in the extracts adhered to the protocol elucidated by
Nikhila et al. [42]. In this methodology, a reaction concoction was formulated, encompassing 200 pL of the
extract at diverse concentrations (100, 75, 50, and 25 pg/mL in methanol), 35 pL of lipoxygenase (Sigma,
Darmstadt, Germany) at a concentration of 0.1 mg/mL, and 600 puL of a 0.2 M borate buffer solution with a
pH of 9.0. Subsequently, this amalgamation was subjected to an incubation period of 15 minutes at a temper-
ature of 25 °C. The induction of the reaction was initiated by the introduction of 35 pL of a substrate solution
(comprising 250 uL linoleic acid), and the ensuing absorbance was gauged at 234 nm. The percentage calcu-
lation was determined using the following formula (3):

Denaturation inhibition percentage % = (ADS giank - AbS sample) / (ADS giank) *100 (3)

ADs biank is the absorbance of the reaction medium without extract, and Abs sample is the absorbance of the

reaction medium with extract.

Inhibition of the albumin denaturation test

The work was performed following the method described by Kar et al., [43]. The mixture comprised 50
uL of the extract, meticulously prepared at distinct concentrations (100, 75, 50, and 25 pg/mL in methanol),
along with a volume of 450 pL of a 2% solution of Bovine Serum Albumin (BSA) and 2.5 mL of a phosphate-
buffered saline solution with a pH of 6.3, adjusted through the addition of hydrochloric acid (HCI). The tubes
housing the mixture underwent an incubation period of 15 minutes at a temperature of 37 °C, followed by a
subsequent heating stage at 57 °C for 5 minutes, and culminating in a cooling phase for 10 minutes [44]. The
spectrophotometer was employed to ascertain the absorbance of these solutions at a wavelength of 660 nm.
The experimentation was conducted in triplicate. Diclofenac was utilized as the reference standard, formulated
at an equivalent concentration to the extracts. The quantification of the albumin denaturation inhibition, pre-
sented as a percentage in relation to the control, was computed utilizing the subsequent expression (4):

Denaturation inhibition percentage % = (ADS giank - ADS sampte) / (AbS giank) X100 (4)

where Abs biank is the absorbance of the reaction medium without extract, and Abs sample is the absorbance

of the reaction medium with extract.
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Red Blood Cell (RBCs) Membrane Stabilization Test

The anti-inflammatory properties of O. dillenii specimens were evaluated through the employment of the
RBC methodology. Wistar rats within the weight range of 300-350g were subjected to ether-induced
anesthesia, and subsequently, fresh blood was procured via catheterization from the abdominal aorta. This
collected blood was then placed into glass tubes containing a homogeneous blend of a sterilized anticoagulant
solution comprising 2% dextrose, 0.8% sodium citrate, 0.5% citric acid, and 0.42% sodium chloride.
Erythrocyte cell concentrates were subjected to purification with sterile saline (0.9% wi/v NaCl, pH 7.2) until
the resulting supernatant attained clarity. The volumes of the cellular pellet were measured, following which
a 10% suspension was formed by combining the cellular pellet with a sterilized sodium phosphate buffer
solution (adjusted to pH 7.4) at a concentration of 10 mM. The composition of the sodium phosphate buffer
solution was as follows: 0.2 g NaH2PO4, 1.15 g Na;HPQO4, and 9 g NaCl, formulated in a volume of 1 L of
distilled water. The reconstituted red blood cells were employed in heat or hypotonicity-induced hemolysis
assays. The percentage of hemolysis was calculated under the assumption that the control yielded 100%
hemolysis.

Erythrocyte Hypotonia-Induced Hemolysis

Various concentrations of O. dillenii extracts were prepared by dissolving them in distilled water. To
achieve this, 0.1 mL of a 10% erythrocyte suspension was combined, resulting in a final volume of 5.1 mL.
Diclofenac sodium, an established anti-inflammatory drug, served as the reference substance. The reaction
mixtures were allowed to incubate for a duration of 1 hour at a temperature of 37°C. Subsequently,
centrifugation was conducted at 3500 rpm for a duration of 15 minutes. The quantification of hemoglobin
content present in the supernatant was executed using a spectrophotometer set to a wavelength of 540nm. The
experimental procedure was carried out in triplicate, and the resulting mean values were subsequently
computed.

Erythrocyte Heat-Induced Hemolysis

Various concentrations of O. dillenii were formulated using an isotonic solution buffered with phosphate
(0.15M, pH 7.4). To achieve this, 0.1mL of a 10% suspension of erythrocytes was added, resulting in a final
volume of 5.1mL. A comparative control was established with 5SmL of the carrier solution (isotonic phosphate
buffer), while a standard tube containing 5mL of diclofenac sodium (a reference anti-inflammatory drug) at
diverse concentrations was prepared using the same buffer.

After preparation, all reaction mixtures were subjected to an incubation period at 60°C for a duration of
30 minutes. Following this, the tubes were allowed to cool to ambient temperature. Ultimately, centrifugation
at a rate of 3000 revolutions per minute (rpm) for 10 minutes was conducted. The quantification of hemoglobin
content was performed on the resulting supernatant solution utilizing a spectrophotometer set at a wavelength
of 540nm. The experimental trials were executed in triplicate, and the mean values were subsequently com-
puted. The following expression was used to determine the inhibition percentage of hemolysis induced by
hypotonicity/Heat (5):

% Inhibition = ((DO control- DO sampie)/ DO controt)) X100 (5)

DO control measures the optical density of the heated/hypotonia control solution. At the same time, DO
Sample measures the optical density of the heated/hypotonia sample solution.

Toxicity Prediction Using Pro-Tox Il

The Protox Il online tool (https://tox-new.charite.de/protox I/, accessed on 21st June 2023) was em-
ployed to assess toxicity levels. This tool provided information on LDsy values, toxicity class, and various
toxicological endpoints [45]. Using these approaches and equipment, important findings were obtained con-
cerning the potential therapeutic uses and negative impacts of the main chemical compounds found in HA, AK
and IM.
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Molecular Docking
Preparation of ligands
The phenolic constituents present in O. dillenii, identified utilizing High-Performance Liquid Chroma-

tography with Diode Array Detection (HPLC-DAD), were procured from PUBCHEM in Structure-Data File
(SDF) format. To prepare the ligands for the docking simulations, the LigPrep utility integrated within the
Schrodinger Software suite (version 11.5) was harnessed, leveraging the OPLS3 force field. A total of 32 ste-
reoisomeric configurations were generated for each ligand, considering ionization states within the pH range
of 7.0 = 2.0 [46].

Preparation of Proteins
In the study of antioxidant activity, the crystal structures of NADPH oxidase were obtained from the
protein data bank with PDB ID: 2CDU, whereas lipoxygenase (PDB ID: 3V99) was used to study the anti-
inflammatory activity. The Protein Preparation Wizard in Schrodinger-Maestro (protein preparation) program
further refined and prepared the structures. All water molecules were removed, hydrogens bonded to heavy
atoms, methionines replaced selenomethionines, and charges and bond orders were subsequently assigned. The
OPLS3 force field was utilized to minimize, resulting in a maximum heavy atom RMSD of 0.30 A [47].

Generation of Receptor’s Grid

An atom originating from the ligand molecule was selected as the focal point, and a default three-dimen-
sional grid enclosure was generated. This grid enclosure was characterized by equidistant spatial intervals, each
measuring 20 units along the X, y, and z axes, respectively, and was employed for two distinct receptors. The
precise spatial coordinates of the grid enclosure were defined as follows: x: 19.853, y: -6.431, z: -0.896 for
NADPH oxidase, and x: 18.342, y: -78.663, z: -33.95 for lipoxygenase. Utilizing the 'standard Precision' (SP)
methodology, the ligand was affixed to the grid enclosure aligned with the protein structure. Subsequent eval-
uation of the outcomes was conducted through the application of the XP GScore metric.

Glide Standard Precision (SP) Ligand Docking
SP flexible ligand docking was carried out in the glide of Schrédinger-Maestro v 11.5. Penalties were
enforced for amide bonds exhibiting non-cis/trans conformations. The parameters governing the scaling factor
for van der Waals interactions and the threshold for partial charge on ligand atoms were established at 0.80 and
0.15, respectively. The conclusive evaluation involved energy-minimized orientations, and the outcomes were
assessed utilizing the Glide scoring metric. The optimal docking arrangement for each ligand was pinpointed
and recorded, representing the pose associated with the minimum Glide score value [46, 48].

Declaration of conflict of interest: The authors declare there is no conflict of interest regarding the publication
of this paper.

Keywords: Antioxidant and Anti-inflammatory Activity; Qil; Opuntia dillenii, Phenolic Compounds, Volatile
Compounds.
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