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Artemisia herba-alba is a perennial herbaceous plant belonging to the Asteraceae family. It is
used in folk medicine to treat many nervous and digestive disorders, as well as diabetes. It
possesses antioxidant, antifungal and anti-inflammatory properties. The chemical composition
of the organic extracts obtained from the leaves of the Syrian Artemisia herba-alba plant was
analysed using a Soxhlet extraction device and three solvents with varying degrees of polarity
(petroleum ether, chloroform and ethyl acetate). The chemical constituents of the three extracts
were determined using GC/MS technology. In the petroleum ether extract (Ahi), 38 compounds
were identified, while the chloroform extract (Ahz) contained 39 compounds, and the ethyl
acetate extract (Ahs) contained 45 compounds. The most significant compounds in the Ahi
extract were longiverbenone (23.9%), heneicosane (18.2%), 3,3,6-trimethyl-1,5-heptadien-4-one
(16.5%), caryophyllene oxide (5.8%), and octacosane (4.6%). In the Ah> extract, the main
constituents were dioctyl hexanedioate (13.2%), (Z,Z) 9,12-octadecadienoyl chloride (7.3%),
and (-)-spathulenol (7.1%). The primary compounds in the Ah; extract were pentanoic acid
(9.5%), geranyl isovalerate (9.3%), 2-butyl-1-octanol (7.5%), and 1-heptadecene (6.4%).
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Graphical abstract

Artemisia herba-alba is a silver-green, perennial plant from the Asteraceae family, ! which reaches a height of 20-40
cm and is widespread in North Africa, the Arabian Peninsula and large parts of Europe. > The A. herba-alba plant has
biological activity. It is antimicrobial, > anti-inflammatory,  antioxidant, 3 antidiabetic, ¢ anticancer ’ and leishmaniostatic.
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8 In folk medicine, it is used to treat stomach complaints such as diarrhoea and abdominal cramps. ° It is also used to treat
neurological disorders such as Alzheimer’s disease and epilepsy, '© arterial hypertension and diabetes, !'1? hair loss, '3
poisoning and to treat external wounds. '* Previous chemical studies have shown that this plant is rich in terpenoids,
coumarins, flavonoids, caffeic acids and sterols. °

The chemical composition of the petroleum ether extract of the Egyptian plant Artemisia herba-alba was analysed and
the results of GC-MS analysis showed that the extract contained the compounds tricyclo[6,8,9]hexadeca-3,16-dione
(22.98%), 2,5,5-trimethy-1-hexene-3-yne (21.2 %), dihydrocarvyl acetate (6.73 %), ethyl (E)-cinnamate (4.16 %), 4,7,7-
trimethyl bicyclo[2.2.1]heptan-2-one semicarbazone (3.77 %), (-)-3-alpha acetoxy-5-etienic acid (1.74 %), camphor (1.17
%). '® The methanol and ethanol extracts of the plant leaves contained 24 and 20 compounds, respectively, the major
compounds of the methanol extract being: (Z) 9-octadecanamide (28.687%), phytol (12.611%) and palmitoleamide
(12.304%). The ethanol extract are: (Z) 9-octadecanamide (25.687%), dodecanamide (16.142%) and camphor (14.494%).
17 The chemical composition of the ethanolic extract of the Moroccan plant Artemisia herba-alba was investigated and the
results of GC-MS analysis showed that the ethanolic extract contained 21 compounds of monoterpenes and sesquiterpenes.
The most important compounds were: Camphor (17.5%), alpha-thujone (4.25%), B-thujone (4%). '® Due to the lack of
chemical studies related to Artemisia herba-alba plant and the lack of chemical studies in Syria, the research aimed to
investigate the chemical composition of the organic extracts using three solvents with different degrees of polarity
(petroleum ether, chloroform, ethyl acetate) of the leaves of Artemisia herba-alba plant using GC-MS technology.

2. Results and Discussion

The petroleum ether extract was obtained with a pale green color and a yield of 1.9% of the dry weight of the plant. The
GC/MS chromatogram of the petroleum ether extract (Ah;) of the Artemisia herba-alba plant (Fig. 1) shows the presence
of 38 different compounds, representing 98.7% of the total composition of the extract, with nonpolar compounds (Aliphatic
hydrocarbons, terpenes) dominating the extract.

Table 1. Chemical components of petroleum ether extract (Ah;) of the leaves of Artemisia herba-alba by GC-MS

No. Compound name Molecular formula Class Mw (g/mol) Re¢ Area %
1 5-(1,2-Propadienyloxy)-2-pentanone CsH1202 (6] 140.18 9.20 1.2
2 3,4-Dimethyl-2-hexanone CsHi60 (6] 128.21 9.65 0.3
3 Camphene CioHis HM 136.23 10.22 13
4 4-Methylene-1-(1-methylethyl) bicyclo[3.1.0]hexane CioHis HM 136.23 10.86 1.4
5 2,6-Dimethyl-3,7-octadien-2-ol CioH150 OM 154.25 11.18 0.6
6 (1R,2S,4R)-2,7,7-Trimethylbicyclo [2.2.1] heptan-2-ol CioHis0 OM 154.25 11.97 0.7
7 3,3,6-trimethyl-1,5-heptadien-4-one CioHi60 OoM 152.23 12.41 16.5
8 3,6,6-trimethyl-2-norpinanol CioHis0 oM 252.35 12.86 0.7
9 3-Methyldecane CoHao AH 128.25 13.22 0.4
10 Camphor CioHi160 OoM 152.23 14.08 2.1
11 Endo-borneol CioHis0 OoM 154.25 14.53 1.5
12 3-Methyl octane CoHao AH 128.25 15.07 0.6
13 2,6-Dimethyloctane CioH22 HM 142.28 15.95 0.5
14 Tridecane Ci3Hoas AH 184.36 16.35 1.0
15 Cis-thujopsene CisHas HS 204.35 17.33 1.1
16 2-Methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2-butenal CisH20 (6] 206.32 18.74 0.1
17 Humulenol-IT Ci5H2:0 (O] 220.35 20.04 0.2
18 Ledene oxide (II) Ci5H240 oS 220.35 20.23 0.5
19 Acorenone f CisH4O (N 220.35 20.51 0.3
20 Longiverbenone CisH»O oS 218.33 21.08 239
21 ((4aS,8S,8aR)-8-Isopropyl-5-methyl-3,4,4a,7,8,8a-hexahydro naphthalen-2-yl)  CisHxO oS 220.35 21.70 0.3
methanol
22 Tridec-2-yn-1-yl undec-10-ynoate C24Ha002 (6] 360.6 21.98 0.7
23 y-Elemene CisHas HS 204.35 22.14 1.4
24 t-Butyl-(2-[3-(2,2-dimethyl-6-methylenecyclohexyl)-propyl]-[ 1,3]dithian-2-yl) C2:HanS5Si (¢] 398.8 22.26 0.3
dimethyl silane
25 (5Z, 8Z, 11Z, 14Z) Methyl eicosatetraenoate C21H340: (6] 318.49 22.72 0.8
26 Trans-Z-o-bisabolene epoxide CisH2O oS 220.35 23.06 0.7
27 1,8-Dimethyl-8,9-epoxy-4-isopropyl spiro [4.5] decan-7-one Ci5H2402 oS 236.35 23.30 0.7
28 Cis-Z-a-bisabolene epoxide CisH24O0 oS 220.35 23.60 4.4
29 Caryophyllene oxide Ci5H210 (O] 220.35 24.11 5.8
30 2,3-Dihydroxypropyl (9Z,12Z,15Z) octadecatrienoate C21H3604 (6] 352.5 2538 0.6
31 4-(1,5-Dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one Ci13H2005 (6] 224.30 25.55 0.4
32 Octadecamethyl cyclononasiloxane CisHs400Siy (6] 667.4 26.33 0.2
33 Nonadecane Ci9Hao AH 268.51 30.11 34
34 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-Hexadecamethyl octasiloxane Ci6Has07Sis (0] 577.2 30.37 0.5
35 Heptadecane Ci7Hs6 AH 240.47 30.81 0.3
36 Heneicosane CaiHas AH 296.6 31.59 18.2
37 Eicosyl vinyl carbonate C23Ha405 (¢] 368.6 31.64 0.5
38 Octacosane CasHsg AH 394.8 33.42 4.6
Total identified compounds 98.7
No. of compounds Compound symbol
Monoterpenes 253
Hydrocarbon 3 HM 32
Oxygenated 5 oM 22.1
Sesquiterpenes 39.3
Hydrocarbon 2 HS 2.5
Oxygenated 10 oS 36.8
Aliphatic Hydrocarbons 7 AH 28.5
Other oxygenated pounds 12 6] 5.6

The petroleum ether extract (Ah;) consists mainly of 12 compounds of hydrocarbon and oxygen sesquiterpenes (39.3%),
eight compounds of hydrocarbon and oxygen monoterpenes (25.3%) and aliphatic hydrocarbons (28.5%). The most
abundant compound obtained was the sesquiterpene longiverbenone (23.9%), followed by the aliphatic hydrocarbon
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heneicosane (18.2%), the monoterpenoid 3,3,6-trimethyl-1,5-heptadiene-4-one (16.5%), the sesquiterpene compound
caryophyllene oxide (5.8%), the hydrocarbon compound octacosane (4.6%), cis-Z-a-bisabolene epoxide (4.4%) and
nonadecane (3.4%). The remaining compounds were camphor (2.1%), 4-methylene-1-(1-methylethyl) bicyclo[3.1.0]hexane
(1.4%), y-elemene (1.4%) and camphene (1.3%). Traces of compounds were present in amounts less than 1.2%. Table 1
shows the chemical composition of the petroleum ether (Ah;) extract of the leaves of Artemisia herba-alba by GC/MS. Fig.
1 shows the GC-MS chromatogram of petroleum ether extract (Ah;) of the leaves of Artemisia herba-alba. Fig. 2 shows
the main chemical formulas of the petroleum ether (Ah;) extract.

Chromatogram
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Fig. 1. GC-MS chromatogram of petroleum ether extract (Ah;) of the leaves of Artemisia herba-alba
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Fig. 2. The main chemical formulas of the petroleum ether extract (Ah;)

The chloroform extract was obtained in a dark green color with a yield of 2.3 % of the dry weight of the plant. The
GC/MS chromatogram of the chloroform extract (Ahy) of the Artemisia herba-alba plant (Fig. 2) revealed 39 different
compounds, accounting for 99.7 % of the total composition of the extract. The chloroform extract (Ahy) consists mainly of
six compounds of aliphatic and aromatic hydrocarbons (16.7%), five compounds of monoterpene (13.1%), five compounds
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of sesquiterpenes (12.4%), and seven compounds of ester derivatives (28.8%), in addition to oxygenated compounds in
small percentages. The most abundant compound obtained was the ester compound dioctylhexanedioate (13.2%), followed
by (Z,Z) 9,12-octadecadienoyl chloride (7.3%), (-)-spathulenol (7.1%), n-butyl methacrylate (7.0%), 2-
butoxyethyldodecanoate (6.1%), heptacosane (5.8%), isopinocarveol (5.2%), styrene (5.0%), (-)-myrtenol (4.3%), 1-propyl-
3-(propen-1-yl) adamantine (4.2%), and 3,7,11-trimethyl-1-dodecanol (2.8%). The remaining compounds were present in
trace amounts, less than 2.5%. Table 2. shows the chemical composition of the chloroform extract (Ah,) of the leaves of
Artemisia herba-alba using GC/MS. Fig. 3 shows the GC-MS chromatogram of the chloroform extract (Ah,) of the leaves
of Artemisia herba-alba, and Fig. 4 shows the main chemical formulas of the chloroform extract (Ah,).

Chromatogram
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Fig. 3. GC-MS chromatogram of the chloroform extract (Ah,) of the leaves of Artemisia herba-alba
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Table. 2. Chemical components of the chloroform extract (Ah) of the leaves of Artemisia herba-alba determined by GC-

=]

MS
No. Compound name lf\:::ﬁr;ar Class ?;I/Vlvnol) R¢ area %
1 Styrene CsHs ArH 104.14 8.7 5.0
2 n-Butyl methacrylate CsH 1402 OE 142.19 10.78 7.0
3 1-Propenyl benzene CoHio AH 118.17 1121 0.3
4 1,2,3,5-Tetrahydro-1,3-methanopentalene CoHio AH 118.18 11.31 0.3
5 3,7,7-Trimethyl-1,3,5-cycloheptatriene CioHia HM 134.21 11.81 2.2
6 Isopinocarveol CioHi60 oM 152.23 14.03 52
7 5-(1-Methylethyl) bicycle [3.1.0] hexan-2-one CoH140 oC 138.20 1474 1.1
8 (-)-Myrtenol CioH160 OM 152.23 14.94 43
9 2,6-Dimethyl-1,7-octadien-3-ol CioH150 OM 154.24 1587 1.1
10 (1o,20,50) 2-Methyl-5-(1-methylethyl) bicycle [3.1.0] hexan-2-ol CioHis0 oM 154.24 1595 03
11 1-Tetradecene CiaHos AH 196.37 18.91 1.1
12 2-Methyl-6-(p-tolyl)hept-2-en-4-ol CisHxO oS 218.33 20.04 0.7
13 Diethyl Phthalate Ci2H1404 OA 222.23 20.11 0.7
14 (-)-Spathulenol CisH240 (e 220.35 2023 7.1
15 Methyl 2,5-octadecadiynoate CioH3002 OE 290.44 20.62 0.7
16 v,4-Dimethyl benzenebutanal Ci2Hi60 oC 176.25 20.73 0.7
17 cis-5,8,11,14,17-Eicosapentaenoic acid C20H3002 OF 302.45 20.86 0.3
18 trans 6-(p-Tolyl)-2-methyl-2-heptenol CisHxO oS 218.33 2098 0.7
19 2-(Acetyloxy)-1-[(acetyloxy)methyl]ethyl (Z,Z,Z)-9,12,15-octadecatrienoate C25H40O06 OE 436.6 21.50 0.5
20 2-Butyloxycarbonyloxy-1,1,10-trimethyl-6,9-epidioxydecalin CisH300s OE 326.4 2241 04
21 1-Propyl-3-(propen-1-yl) adamantane Ci6Has AH 218.38 2254 42
22 2-Myristynoyl pantetheine C25HaaN2OsS OF 484.7 2262 1.0
23 (3B,5a) 2-Methylene cholestan-3-ol CasHasO OF 400.7 2284 24
24 2,2,6-Trimethyl-1-(3-methylbuta-1,3-dienyl)-7-oxabicyclo [4.1.0] heptan-3-ol Ci4H20: OB 222.32 23.06 1.7
25 3,7,11-Trimethyl-1-dodecanol CisH30 OoS 228.41 23.65 2.8
26 5,6,6-Trimethyl-5-(3-oxobut-1-enyl)-1-oxaspiro [2.5] octan-4-one CiaH2003 oC 236.31 2386 2.5
27 2,3-bis (acetyloxy)propyl (Z,Z,Z)-9,12,15-Octadecatrienoate C25H40O06 OE 436.6 2393 09
28 Retinal C2H20 D 284.43 24.11 0.8
29 ZAI Vo isiwdae l-gi-llll CiH0s OF 26839 2575 1.1
Acetate
30 2,6,10-Trimethyl tetradecane Ci7Hs6 HS 240.46 27.07 1.1
31 Tetrahydro-2-(12-pentadecynyloxy)-2H-Pyran C20H3602 OF 308.5 27.33 0.6
32 Dioctyl hexanedioate C2HaO4 OE 370.56 27.80 132
2-Butoxyethyl dodecanoate CisHs603 OE 300.5 2821 6.1
33 Heptacosane Ca7Hss AH 380.73 2836 5.8
34 3-Octadecanone CisH30 oC 268.47 28.86 3.2
35 Didodecyl phthalate C32Hs404 OA 502.76 2898 25
36 2-Hexadecanol CiH340 OB 242.44 2945 03
37 (Z,Z) 9,12-Octadecadienoyl chloride CisH30Cl1 OD 298.9 2954 73
38 5-Heptyldihydro-2(3H)-furanone Ci11H2002 OF 184.27 29.71 1.9
39 1-(Ethenyloxy) octadecane C20H400 OF 296.53 30.83 0.6
Total identified compounds 99.7
No. of compounds  Compound symbol
Monoterpenes 13.1
Hydrocarbon 1 HM 2.2
Oxygenated 4 oM 10.9
Sesquiterpenes 12.4
Hydrocarbon 1 HS 1.1
Oxygenated 4 oS 11.3
Diterpenes D 0.8
Hydrocarbons 16.7
Aliphatic 5 AH 11.7
Aromatic 1 ArH 5
Oxygenated compounds 56.7
Phthalic acid esters 2 OA 32
Alcohols 2 OB 2
Carbonyl (aldehyde, ketone) 4 oC 7.5
Acyl chloride 1 OD 7.3
Ester compounds 7 OE 28.8
Other 7 OF 7.9
Chromatogram
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Fig. 5. GC-MS chromatogram of the ethyl acetate extract (Ahs) of the leaves of Artemisia herba-alba

The ethyl acetate extract was obtained in a dark yellow color with a yield of 2.7% of the dry weight of the plant. The
GC/MS chromatogram of the ethyl acetate extract (Ahs) of the Artemisia herba-alba plant (Fig. 5) showed the presence of
45 different compounds, representing 97.2 % of the total composition of the extract. The ethyl acetate extract (Ahsz) consists
mainly of seven alcohol compounds (14.7%), four aliphatic hydrocarbon compounds (14.2%), two oxygenated
monoterpenes (13.5%), seven silicon compounds (10.4%), as well as two fatty acid compounds (9.7%) and six ester
compounds (7.5%). The most abundant compound obtained was pentanoic acid (9.5%), followed by the monoterpene
compound geranyl isovalerate (9.3%), the alcoholic compound 2-butyl-1-octanol (7.5%), and 1-heptadecene. (6.4%). Other
compounds present include tetradecyloxirane (4.5%), anethole (4.2%), and hexadecamethylheptasiloxane (4.2%), among
others at percentages less than 4%. Table 3. shows the chemical composition of the ethyl acetate extract (Ahs) of the leaves
of Artemisia herba-alba using GC/MS. Fig. 5 shows the GC-MS chromatogram of the ethyl acetate extract (Ah;) of the
leaves of Artemisia herba-alba, and Fig. 6 shows the main chemical formulas of the ethyl acetate extract (Ahs).

Table. 3. Chemical components of the ethyl acetate extract (Ah3) of the leaves of Artemisia herba-alba by GC-MS

No. Compound name Molecular formula Class Mw (g/mol) R¢ 2/rea
0
1 Pentanoic acid CsHi002 OE 102.13 6.95 9.5
2 Hexamethyl cyclotrisiloxane CeHi5038Si3 oG 222.46 7.09 3.4
3 Isosorbide dinitrate C6HsN2Os Ol 236.13 8.00 1.9
4 1-Methoxy-2-propyl acetate CeH 1203 oC 132.15 8.34 3.4
5 2-Phenylethyl 3-methyl- 2-butenoate Ci3Hi1602 ocC 204.26 9.05 0.9
6 Butyl 2-butenoate CsH1402 oC 142.19 10.92 1.9
7 Octamethyl cyclotetrasiloxane CsH2404Sis oG 296.61 11.08 0.7
8 O-decyl hydroxylamine CioH23NO OI 173.29 13.26 2.3
9 Decamethyl cyclopentasiloxane C1oH30058Sis oG 370.77 13.86 0.5
10 1-(Methoxymethoxy)-3-methyl-3- hydroxybutane C7H1603 OD 148.2 13.99 0.5
11 2-hydroxy-2-methyl propanoate methyl CsHi003 ocC 118.13 14.05 0.4
12 4-(1-Methylethyl)-2-cyclohexen-1-one CoH140 OB 138.20 14.76 2.4
13 Cyclodecanol CioH200 oD 156.26 14.94 0.4
14 1-acetate 1,2,3-Propanetriol CsHi1004 OD 134.13 15.43 1.6
15 Anethole CioH120 oM 148.20 16.24 4.2
16 1-Octadecanesulphonyl chloride CisH37Ci028 Ol 353.0 16.36 0.2
17 Dodecamethyl cyclohexasiloxane C12H3606Si6 oG 444.92 16.40 0.5
18 Bicyclo[4.4.1]undeca-1,3,5,7,9-pentacne CuiHio AH 142.20 16.52 0.5
19 Allyl 2-ethyl butyrate CoHi1602 ocC 156.22 18.52 0.4
20 Tetradecamethyl cycloheptasiloxane C14H4201Si7 oG 519.07 18.63 0.3
21 Cetene CieHs2 AH 224.43 19.02 1.3
22 Geranyl isovalerate Ci5H2602 oM 238.36 20.11 9.3
23 Hexadecamethyl cyclooctasiloxane C16Has0sSis OoG 593.23 20.59 0.3
24 7-Methyl-Z-tetradecen-1-ol acetate Ci7H3202 oC 268.4 21.32 0.5
25 1,2-15,16-Diepoxyhexadecane Ci6H3002 OH 254.41 21.51 0.6
26 2-Butyl 1-octanol C12H260 oD 186.33 22.33 7.5
27 6,10,14-Trimethyl-2-pentadecanone CisH360 OB 268.47 22.84 2.0
28 Phytol C20H400 D 296.5 23.25 3.0
29 (Z) 14-Methyl- 8-hexadecenal Ci7H30 OA 252.4 23.64 3.2
30 Butyl octyl 1,2-benzenedicarboxylate C20H3004 OF 334.44 24.03 1.2
31 1-Docosene CaoHas AH 308.58 24.34 6.5
32 Amyl cyclopentenone Ci3H2202 OB 210.31 25.75 0.5
33 1-Heptadecene Ci7H3a AH 238.45 26.16 6.4
34 Tetrahydro-6-nonyl-2H-pyran-2-one C14H2602 OI 226.35 27.56 0.4
35 1-Hexadecanol CieH340 oD 242.44 27.83 4.0
36 n-Nonadecanol-1 C19H400 OD 284.52 28.13 0.4
37 Glycine, N-[(3a,5B)-24-0x0-3-[(trimethylsilyl)oxy]cholan-24-y1]-,  C30Hs304SiN OI 519.8 28.65 0.5
methyl Ester
38 Hexadecamethyl heptasiloxane Ci16H4306Si7 oG 533.14 28.76 4.2
39 Tetradecanal Ci14H250 OA 212.37 28.92 0.8
40 Mono(2-ethylhexyl) phthalate Ci6H2104 OF 277.33 28.98 0.9
41 Tetradecyl oxirane Ci6H320 OH 240.42 29.37 4.5
42 Behenic alcohol C22HasO oD 326.60 29.68 0.3
43 Oleic Acid CisH3402 OE 282.46 32.42 0.2
44 Tris(2,4-di-tert-butylphenyl) phosphate C42He304P OI 662.92 33.90 1.3
45 Digitoxin C41He4O13 (0)] 764.95 34.53 1.5
Total identified compounds 97.2
No. of compound Compound symbol
Oxygenated monoterpenes 2 OM 13.5
Diterpenes 1 D 3.0
Hydrocarbon compounds (Alkenes) 4 AH 14.2
Oxygenated compounds 66.5
Aldehyde 2 OA 4
Ketone compounds 3 OB 4.9
Ester compounds 6 ocC 7.5
Alcohol compounds 7 oD 14.7
Acides 2 OE 9.7
Phthalic acid esters 2 OF 2.1
Silicon compounds 7 oG 10.4
Epoxy compounds 2 OH 5.1
Other 7 [0)] 8.1
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Fig. 6. The main chemical formulas of the ethyl acetate extract (Ahs)

The aim of the extraction procedure (serial exhaustive extraction method) with different polar solvents (starting with
the nonpolar solvent petroleum ether up to the most polar solvent ethyl acetate) on the same plant sample was first to extract
the nonpolar compounds (in the petroleum ether and chloroform extracts) and then extract the medium polar compounds
(in the ethyl acetate extract). The predominant compounds in the petroleum ether and chloroform extracts were saturated
and unsaturated hydrocarbons, monoterpenes, and sesquiterpenes, while the predominant compounds in the ethyl acetate
extract were oxygenated. It was not observed in the reference studies that the serial exhaustive extraction method was used
on the Artemisia herba-alba plant using the Soxhlet continuous extraction device, and the solvents chloroform and ethyl
acetate were not previously used in the extraction process on the plant above.

The chemical composition of the extracts obtained shows that the plant is rich in monoterpenes and sesquiterpenes since
the chemical composition of the petroleum ether extract (Ah;) was found to contain a high percentage (23.9%) of the
sesquiterpene compound longiverbenone, a compound that has not previously been found in the plant Artemisia herba-alba,
either in essential oils obtained by the Clevenger method (water distillation) or by extraction with organic solvents. In
addition, the monoterpene 3,3,6-trimethyl-1,5-heptadien-4-one was detected in the petroleum ether extract (Ah;) at a level
of (16.5 %), a new compound not found in the plant in previous studies. The percentage of the monoterpene camphor in the
petroleum ether extract was (2.1%), while its percentage in the essential oils extracted from the plant in reference studies
was high and ranged between (15-50 %). '8-%7

The percentage of the monoterpene endo-borneol in the petroleum ether extract was (1.5), while its percentage in the
essential oils extracted from the plant in previous studies was (1.61%). 2® The percentage of the monoterpene isopinocarveol
was (5.2%) in the petroleum ether extract, while its percentage in the essential oils extracted from the plant grown in Tunisia
and Algeria was (0.3 - 2.6%) according to previous studies, where isopinocarveol is considered as a geometric isomer of
the compound trans-pinocarveol. 2% 2° The percentage of monoterpene (-)-myrtenol in the chloroform extract was (4.3%),
while its percentage in the essential oils obtained from the plant cultivated in Morocco was (1.74-4.19%). *° The percentage
of caryophyllene oxide in the petroleum ether extract was (5.8%), while its percentage in the essential oil of the plant grown
in Morocco was (1.49-1.76). *° The percentage of sesquiterpene (-)-spathulenol in the chloroform extract was (7.1%), while
its percentage in the essential oil of the plant in reference studies was (0.4 - 3.3%). 2% 3! The percentage of the monoterpene
geranyl isovalerate in the ethyl acetate extract was (9.3%), while its percentage in the extract of the plant grown in Iraq was
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very low (0.01 %). 32 The percentage of the monoterpene anethole was (4.2%), while its percentage in the essential oil
extracted from the plant grown in Saudi Arabia was (0.2%). 3! The percentage of the terpene cis-thujopsene was found to
be 1.1%, and this compound had not previously been found in the plant Artemisia herba-alba. A high percentage of the
hydrocarbon compound heneicosan was also found in the petroleum ether extract (18.2%), and this compound had not been
found in previous studies of the plant.

The percentage of the monoterpene B-element in the petroleum ether extract was 1.4%, while its percentage in the
essential oil obtained from the Moroccan plant was about 0.16%. 3 The percentage of the terpene trans-Z-a-bisabolene
epoxide in the petroleum ether extract was 0.7%, while the percentage in the essential oil obtained from the plant grown in
Morocco was about 2.86%. 3* The terpene cis-Z-a-bisabolene epoxide was not found in previous studies, as its percentage
in the petroleum ether extract was 4.4% The percentage of the terpene 4-methylene-1-(1-methylethyl) bicyclo[3.1.0]Thexane
in the petroleum ether extract was 1.4%, while its percentage in the methanol extract of the plant grown in Syria was 4.6%.
17 The percentage of the compound (3f8,5¢)) 2-methylenecholestan-3-ol in the chloroform extract was 2.4%, while the
percentage in the methanol extract of the plant grown in Syria was about 0.7%. !” The percentage of the compounds
hexamethyl cyclotrisiloxane, octamethyl cyclotetrasiloxane, and hexadecamethyl cyclooctasiloxane in the ethyl acetate
extract was 3.4%, 0.7%, 0.3%, while the percentage in the essential oil extracted from the Iraqi plant was 0.66%, 0.38%,
0.73% respectively. ¥

Monoterpenes and sesquiterpenes make up a high percentage in the petroleum ether extract (25.3%) and (39.3%) and in
the chloroform extract (13.1%) and (12.4%), respectively. The ethyl acetate extract contains (13.5%) monoterpenes and
(3% diterpenes. According to the literature, monoterpenes have high biological activity as they are antimicrobial, antifungal
and have repellent properties on insect pests. ® 37 The terpene compound camphor, for example, has antiviral, antimicrobial,
antitussive and analgesic effects. 3 Endo-borneol has insect repellent properties, 3° while (-)-myrtenol has analgesic and
anti-inflammatory properties. 4

The Asteraceae family contains a large number of sesquiterpene compounds that are associated with plant defense
mechanisms due to their antifungal, antibacterial and antiviral activities. ' Many studies have shown that sesquiterpenes
promote health against many diseases such as cardiovascular complications, neurological disorders and diabetes. > ** For
example, the compound cis-thujopsene has biological antifungal properties, * the compound leden oxide (II) has
antibacterial and antioxidant properties, 43 the compound acorenone B has inhibitory properties of AChE and BChE, *¢ and
the compound longiverbenone has antibacterial activity. It is cytotoxic, 7 caryophyllene oxide has anticancer and analgesic
activity *® and (-)-spathulenol has anti-inflammatory, antioxidant, and antimicrobial activity. 4 A high percentage of the
ester compound dioctyl hexanedioate (13.2%) was found in the chloroform extract (Ah). This compound has biological
activity as an inhibitor of alkyl acetylglycerophosphatase, as an inhibitor of sugar phosphatase, and as an inhibitor of
acylcarnitine hydrolase. >

The differences in the percentages of the chemical components of the organic extracts studied are due to the different
cultivation methods of the plants and the different geographical regions, which affect the accumulation of the chemical
compounds. 33 In addition, there are some external factors such as sunlight, quality and components of the soil and its pH
that can increase the amount of terpenes in the plant. >* Differences in isolation methods for essential oils or organic extracts
also lead to differences in the chemical composition of the plant. *° The previous tables show a qualitative and quantitative
difference in the chemical composition of organic extracts compared to essential oils and organic extracts from previous
studies. For example, we note that the main component in the petroleum ether extract of the Artemisia herba alba plant is
Longiverbenone at a rate of 23.9%, which is a compound that is not found in reference studies, whether in essential oils or
organic extracts. For the same plant. This specific composition is likely the result of plant adaptation to the bioclimatic
conditions of the region or to intrinsic factors related to plant genetics. 3

3. Conclusions

The study of the chemical composition of the leaves of the Artemisia herba-alba plant using three solvents with different
degrees of polarity (petroleum ether, chloroform and ethyl acetate) is a new study in Syria, as there are no previous chemical
studies on organic extracts (chloroform, ethyl acetate) from the leaves. For the plant. The main compounds that make up
the extracts were identified using GC/MS technology, and these compounds were found to be monoterpenes, sesquiterpenes,
saturated and unsaturated aliphatic hydrocarbons, alcohols and silicon compounds. According to the literature, the leaves
of the Artemisia herba-alba plant contain chemical compounds with biological antimicrobial, antioxidant, anticancer and
antimalarial activity.

4. Experimental
4.1. Materials and Methods

Soxhlet-type apparatus (BUCHI), GC-MS (Shimadzu - 17A/QP5050), laboratory heating (Heraeus), rotary
evaporator (BUCHI), sensitive scale (Sartorius), laboratory glassware (Isolab), ethyl acetate (P.R.S Panreac), chloroform
(Merck), petroleum ether (S.C.P), sodium sulphate, filter paper (ZELPA).
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4.2. General procedure

4.2.1. Preparation of organic extracts

The leaves of the plant Artemisia herba-alba were collected in May and June 2023 in the Latakia region. They were
freed from dust and suspended matter. The plant was dried for 30 days at room temperature in a shaded, well-ventilated
place. The plant was ground to the appropriate fineness and stored in tightly closed containers until use.

Three chemical extracts of the plant were prepared with different solvents (petroleum ether (Ah;), chloroform (Ah,),
ethyl acetate (Ahs)) using a continuous Soxhlet extractor by placing 50 g of the plant in a cartridge and adding 300 ml of
petroleum ether to a 500 ml round bottom flask. The extraction process took 15 hours. The extraction process was repeated
with the other solvents on the same plant sample (the plant sample was dried in an oven at 35 °C before each extraction
with a different solvent). The solvents were evaporated with a rotary evaporator at a temperature of 45 °C and then dried in
adesiccator. Shows Fig. 7 General scheme for the extraction of leaves of Artemisia herba-alba using polar gradient solvents.
The dried extracts were weighed, and the percentage yield was calculated using the following relationship:

Yield % = (weight of dry extract / weight of plant material used) x 100.

Leaves of Artemisia
herba-alba

ll Clean the plant and dry it in a dark place

The plant matteris dry
and ground 50 gr

| Extraction with petroleum ether solvent using a Soxhlet device for 15 hours

! !

Petroleum ether extract Plant residue
Extraction with chloroform solvent
for 15 hours
[ Chloroform extract ] [ Plant residue ]

Extraction with ethyl acetate solvent
for 15 hours

! l

[ Ethyl acetate extract ] [ Plant residue ]

Fig. 7. General scheme for the extraction of leaves of Artemisia herba-alba using polar gradient solvents

4.2.2. GC-MS analysis

The analysis was performed by injecting 2 pl of each sample into a SHIMADZU GC-MS instrument, model GCMS-
17A/QP5050, using a nonpolar capillary column (BP5SMS, 5% phenylpolysilphenylene siloxane) with the dimensions of 30
m X 0.25 mm, i.d. 0.25 pm, and the carrier gas was helium with a purity 0 99.9999% at a flow rate of 1 ml/min. Chloroform
was used as the solvent for injecting the samples.

The thermal programme started at 80 °C for 4 minutes and then increased by 10 °C per minute until 200 °C was reached.
This temperature was maintained for 5 minutes, after which the temperature was increased from 200 °C by 7 °C per minute
to 300 °C, after which the temperature was maintained for 15 minutes. The total run time was 50.3 minutes. Mass spectra
were recorded from 42 m/z to 600 m/z in 70 eV ionization energy mode, and the ionization source temperature was set to
280 °C.

The chemical compounds present in each extract were identified based on the interpretation of the GC-MS mass spectrum
using the NIST and WILEY databases by comparing the mass spectrum of the analysed compound with the spectrum of
known compounds stored in the libraries available on the instrument's computer (Nist 05a. L, Nist 02. L, Wiley 7.1).

References

1. Gonzilez-Coloma, A., Reina, M., Diaz, C.E., Fraga, B.M., Santana-Méridas, O. (2010) Natural Product-Based
Biopesticides for Insect Control. http://dx.doi.org/10.1016/B978-0-12-409547-2.02770-0



http://dx.doi.org/10.1016/B978-0-12-409547-2.02770-0

202

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

OUGUIRTI, N., BAHRI, F., BOUYAHYAOUI, A., WANNER, J. (2021) Chemical characterization and bioactivities
assessment of Artemisia herba-alba Asso essential oil from South-western Algeria. Natural Volatiles and Essential
Oils. 8, 27-36. https://nveo.org/index.php/journal/article/view/122/117

Moussii, I. M., Nayme, K., Timinouni, M., Jamaleddine, J., Filali, H., Hakkou, F. (2020) Synergistic antibacterial
effects of Moroccan Artemisia herba alba, Lavandula angustifolia and Rosmarinus officinalis essential oils. Synergy.
10, 100057. https://doi.org/10.1016/j.synres.2019.100057

Khlifi, D., Sghaier, R.M., Amouri, S., Laouini, D., Hamdi, M., Bouajila, J. (2013) Composition and anti-oxidant, anti-
cancer and anti-inflammatory activities of Artemisia herba-alba, Ruta chalpensis L. and Peganum harmala L. Food
and chemical toxicology : an international journal published for the British Industrial Biological Research Association.
55,202-8 .https://doi.org/10.1016/j.fct.2013.01.004

Kadri, A., Chobba, I.B., Zarai, Z., Békir, A., Gharsallah, N., Damak, M., Gdoura, R. (2011) Chemical constituents and
antioxidant activity of the essential oil from aerial parts of Artemisia herba-alba grown in Tunisian semi-arid
region. African Journal of Biotechnology. /0, 2923-2929. https://doi.org/10.5897/AJB10.2491

Mohamed, A.E., El-Sayed, M.A., Hegazy, M.F., Helaly, S.E., Esmail, A.M., Mohamed, N.S. (2010) Chemical
constituents and biological activities of Artemisia herba-alba. Records of Natural Products. 4, 1-25.
http://www.acgpubs.org/doc/201808051508381 RNP-0906-111.pdf

Bourgou, S., Bettaieb Rebey, 1., Mkadmini, K., Isoda, H., Ksouri, R., Ksouri, W.M. (2017) LC-ESI-TOF-MS and GC-
MS profiling of Artemisia herba-alba and evaluation of its bioactive properties. Food research international. 99 Pt 1,
702-712 . https://doi.org/10.1016/].foodres.2017.06.009

Mathlouthi, A., Belkessam, M., Sdiri, M., Diouani, M.F., Souli, A., El-Bok, S., Ben-Attia, M. (2018) Chemical
Composition and Anti-Leishmania Major Activity of Essential Oils from Artemesia spp. Grown in Central
Tunisia. Journal of Essential Oil Bearing Plants. 21, 1186 - 1198. https://doi.org/10.1080/0972060X.2018.1526128
Gharzouli, K., Khennouf, S., Amira, S., Gharzouli, A. (1999) Effects of aqueous extracts from Quercus ilex 1. root
bark, Punica granatum 1. fruit peel and Artemisia herba-alba Asso leaves on ethanol-induced gastric damage in
rats. Phytotherapy Research. 13, 42-54. https://doi.org/10.1002/%28S1C1%291099-
1573%28199902%2913%3A1%3C42%3A%3AAID-PTR383%3E3.0.CO%3B2-2

Moufid, A., Eddouks, M. (2012) Artemisia herba alba: a popular plant with potential medicinal properties. Pakistan
journal of biological sciences : PJBS. 15 24, 1152-9. https://doi.org/10.3923/PJBS.2012.1152.1159

Ziyyat, A., Legssyer, A., Mekhfi, H., Dassouli, A., Serhrouchni, M., Benjelloun, W. (1997) Phytotherapy of
hypertension and diabetes in oriental Morocco. Journal of ethnopharmacology. 58(1), 45-54
https://doi.org/10.1016/S0378-8741(97)00077-9

Zeggwagh, N.A., Farid, O.A., Michel, J., Eddouks, M. (2008) Cardiovascular effect of Artemisia herba alba aqueous
extract in spontaneously hypertensive rats. Methods and findings in experimental and clinical pharmacology. 30 (5),
375-81. https://doi.org/10.1358/mf.2008.30.5.1186081

Daradka, H.M., Alshibly, N.M. (2012) Effect of Artemisia alba L. extract against ethinylestradiol induced genotoxic
damage in cultured human lymphocytes. Afr. J. Biotechnol. 11, 15246-15250. https://doi.org/10.5897/AJB12.684
Mohamed, H.R., Amer, M., Faky, A.S. (2018) Evaluating the Effect of Oral Administration of Artemisia herbaalba
Extract Compared to Artesunate on the Mortality Rate of Ehrlich Solid Carcinoma Bearing Mice. Int. J. Sci. Res. 7,
2319-7064. https://www.ijsr.net/archive/v7i6/ART20183244.pdf

Tilaoui, M., Mouse, H.A., Jaafari, A., Aboufatima, R., Chait, A., Zyad, A. (2011) Chemical composition and
antiproliferative activity of essential oil from aerial parts of a medicinal herb Artemisia herba-alba. Revista Brasileira
De Farmacognosia-brazilian Journal of Pharmacognosy. 21, 781-785. https://doi.org/10.1590/S0102-
695X2011005000114

Abdel-Ghany, H.S., Abdel-Shafy, S., Abuowarda, M.M., El-Khateeb, R.M., Hoballah, E.M., Fahmy, M.M. (2021)
Acaricidal Activity of Some Medicinal Plant Extracts against Different Developmental Stages of the Camel Tick
Hyalomma  dromedarii. Advances in  Animal  and  Veterinary  Sciences. 9 (5, 722-733.
http://dx.doi.org/10.17582/journal.aavs/2021/9.5.722.733

Saleh, B. (2022) GC/MS Artemisia herba alba Asso (Asteraceac) Phytochemical Screening. Journal of Stress
Physiology Biochemistry, 18(3), 93-102. https://cyberleninka.ru/article/n/gc-ms-artemisia-herba-alba-asso-asteraceae-
phytochemical-screening

Amkiss, S., Dalouh, A., Idaomar, M. (2021) Chemical composition, genotoxicity and antigenotoxicity study of
Artemisia herba-alba using the eye and wing SMART assay of Drosophila melanogaster. Arabian Journal of
Chemistry. 14, 102976. https://doi.org/10.1016/j.arabjc.2020.102976

Feuerstein, 1., Danin, A., Segal, R. (1988) Constitution of the essential oil from an Artemisia herba-alba population
of Spain. Phytochemistry. 27, 433-434. http://rethub.elsevier.com/S1878-5352(18)30062-5/h0160

Abu-Darwish, M.S., Cabral, C., Gonc alves, M.J., Cavaleiro, C., Cruz, M.T., Efferth, T., Salgueiro, L. (2015)
Artemisia herba-alba essential oil from Buseirah (South Jordan): Chemical characterization and assessment of safe
antifungal and anti-inflammatory doses. J. Ethnopharmacol. 174, 153-160. http://refhub.elsevier.com/S1878-
5352(18)30062-5/h9000



https://nveo.org/index.php/journal/article/view/122/117
https://doi.org/10.1016/j.synres.2019.100057
https://doi.org/10.1016/j.fct.2013.01.004
https://doi.org/10.5897/AJB10.2491
http://www.acgpubs.org/doc/201808051508381_RNP-0906-111.pdf
https://doi.org/10.1016/j.foodres.2017.06.009
https://doi.org/10.1080/0972060X.2018.1526128
https://doi.org/10.1002/%28SICI%291099-1573%28199902%2913%3A1%3C42%3A%3AAID-PTR383%3E3.0.CO%3B2-2
https://doi.org/10.1002/%28SICI%291099-1573%28199902%2913%3A1%3C42%3A%3AAID-PTR383%3E3.0.CO%3B2-2
https://doi.org/10.3923/PJBS.2012.1152.1159
https://doi.org/10.1016/S0378-8741(97)00077-9
https://doi.org/10.1358/mf.2008.30.5.1186081
https://doi.org/10.5897/AJB12.684
https://www.ijsr.net/archive/v7i6/ART20183244.pdf
https://doi.org/10.1590/S0102-695X2011005000114
https://doi.org/10.1590/S0102-695X2011005000114
http://dx.doi.org/10.17582/journal.aavs/2021/9.5.722.733
https://cyberleninka.ru/article/n/gc-ms-artemisia-herba-alba-asso-asteraceae-phytochemical-screening
https://cyberleninka.ru/article/n/gc-ms-artemisia-herba-alba-asso-asteraceae-phytochemical-screening
https://doi.org/10.1016/j.arabjc.2020.102976
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0160
http://refhub.elsevier.com/S1878-5352(18)30062-5/h9000
http://refhub.elsevier.com/S1878-5352(18)30062-5/h9000

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

H. A. Khdera and S. Y. Saad / Current Chemistry Letters 14 (2025) 203
Kardi, A., Chobba, I.B., Zarai, A., Gharsallah, N., Gdoura, R. (2011) Chemical constituents and antioxidant activity
of the essential oil from aerial parts of Artemisia herba-alba grown in Tunisian semiarid region. Afr. J. Biotechnol.
10, 2923-2929. http://rethub.elsevier.com/S1878-5352(18)30062-5/h0215
Paolini, J., El Ouariachi, M., Bouyanzer, A., Hammouti, B., Desjobert, J.M., Costa, J., Muselli, A., (2010) Chemical
variability of Artemisia herba-alba asso essential oils from East Morocco. Chem. Papers. 64 (5), 550-556.
http://rethub.elsevier.com/S1878-5352(18)30062-5/h0325
Haouari, M., Ferchichi, A. (2009) Essential oil composition of Artemisia herba-alba from southern Tunisia.
Molecules. 14, 1585—1594. http://rethub.elsevier.com/S1878-5352(18)30062-5/h0180
Belhattab, B., Loubna, A., Barroso, L., Pedro, L.G., Figueiredo, C. (2014) Essential oil from Artemisia herba-alba
Asso grown wild in Algeria; Variability assessment and comparison with an updated literature survey. Arab. J. Chem.
7, 243-251. http://refhub.elsevier.com/S1878-5352(18)30062-5/h0090
Lakehal, S., Meliani, A., Benmimoune, S., Bensouna, S.N., Benrebiha, F.Z., Chaouia, C. (2016) Essential oil
composition and antimicrobial activity of Artemisia herba—alba Asso grown in Algeria. Med. Chem. (Los Angeles). 6
(6), 435-439. http://refhub.elsevier.com/S1878-5352(18)30062-5/h0260
Rekkab, S., Abaza, I., Chibani, S., Kabouche, A., Kabouche, Z. (2016) Chemical composition of the essential oil of
aerial parts of Artemisia herba-alba Asso. from Oum El-Bouaghi (Algeria) and chemotaxonomic survey. J. Mater
Environ. Sci. 7 (12), 4383-4390. http://refhub.elsevier.com/S1878-5352(18)30062-5/h0335
Dahmani-Hamzaoui, N., Baaliouamer, A. (2005) Chemical composition of the Algerian essential oil of Artemisia
herba-alba native to Dejelfa. Riv. ltal. EPPOS. 40, 7-13. http://refhub.elsevier.com/S1878-5352(18)30062-5/h0095
Kaoutar Abdelali, S., Souttou, K., Kaoutar Abdelali, M., Aissaoui, L., Bendachou, H. (2022) Composiciéon quimica
del aceite esencial de Artemesia herba-alba y sus efectos larvicida y pupicida contra Culex pipiens (Diptera; Culicidae).
Actualidades Biologicas. 45(118), 1-12. https://doi.org/10.17533/udea.acbi/v45n118a01
Bourgou, S., Tammar, S., Salem, N., Mkadmini, K., Msaada, K. (2016) Phenolic Composition, Essential Oil, and
Antioxidant Activity in the Aerial Part of Artemisia Herba-Alba from Several Provenances: A Comparative
Study. International Journal of Food Properties. 19, 549 - 563. https://doi.org/10.1080/10942912.2015.1040495
Tilaoui, M., Ait Mouse, H., Jaafari, A., Zyad, A. (2015) Comparative Phytochemical Analysis of Essential Oils from
Different Biological Parts of Artemisia herba alba and Their Cytotoxic Effect on Cancer Cells. PLoS ONE. 10(7),
e0131799. https://doi.org/10.1371/journal.pone.0131799
Al-Wabhaibi, L.H., Mahmood, A., Khan, M., Alkhathlan, H.Z. (2020) Comparative study on the essential oils of
Artemisia judaica and A. herba-alba from Saudi Arabia. Arabian Journal of Chemistry. 13, 2053-2065.
https://doi.org/10.1016/j.arabjc.2018.03.004
Jasim, R.S., El-Zayat, M.M. (2019) Nutritional, phytochemical, antioxidant and antimicrobial potential of artemisia
herba-alba (asso.). Plant Archives. 19 (2), 4227-4232. http://www.plantarchives.org/19-2/4227-4232%20(5955).pdf
Habiba, H., Ghanmi, M., Satrani, B., El Mansouri, F., Cacciola, F., Sadiki, M., Boukir, A. (2023) Moroccan Endemic
Artemisia herba-alba Essential Oil: GC-MS Analysis and Antibacterial and Antifungal Investigation. Separations. 10.
59. https://doi.org/10.3390/separations10010059
Tilaoui, M., Ait Mouse, H., Jaafari, A., Zyad, A. (2015) Comparative Phytochemical Analysis of Essential Oils from
Different Biological Parts of Artemisia herba alba and Their Cytotoxic Effect on Cancer Cells. PloS one, 10(7),
e0131799. https://doi.org/10.1371/journal.pone.0131799
Mohammed, S., Al-Saadi, S. (2022) Chemical composition and antioxidants of Artemisia herba-alba (Asteraceae).
Special Issue. 302-308. https://ijichthyol.org/index.php/iji/article/view/815
Pandey, A K., Kumar, P., Singh, P., Tripathi, N.N., Bajpai, V.K. (2017) Essential Oils: Sources of Antimicrobials and
Food Preservatives. Frontiers in Microbiology. 7. https://doi.org/10.3389/fmicb.2016.02161
Pandey, A.K., Sonker, N., Singh, P. (2016) Efficacy of Some Essential Oils Against Aspergillus flavus with Special
Reference to Lippia alba Oil an Inhibitor of Fungal Proliferation and Aflatoxin B1 Production in Green Gram Seeds
during Storage. Journal of food science. 81 4, M928-34. https://doi.org/10.1111/1750-3841.13254
Sokolova, A.S., Yarovaya, O.1., Shernyukov, A.V., Pokrovsky, M.A., Pokrovsky, A.G., Lavrinenko, V.A., Zarubaev,
V.V., Tretiak, T.S., Anfimov, P.M., Kiselev, O.I., Beklemishev, A., Salakhutdinov, N.F. (2013) New quaternary
ammonium camphor derivatives and their antiviral activity, genotoxic effects and cytotoxicity. Bioorganic &
Medicinal Chemistry. 21, 6690 - 6698. https://doi.org/10.1016/j.bmc.2013.08.014
"Chemical Information". sun.ars-grin.gov. Archived from the original on 2004-11-07. Retrieved 2008-03-02.
https://web.archive.org/web/20041107161247/http:/sun.ars-
grin.gov:8080/npgspub/xsql/duke/chemdisp.xsql?chemical=BORNEOL
Silva, R.O., Salvadori, M.D., Sousa, F.B., Santos, M.S., Carvalho, N.S., Sousa, D.P., Gomes, B.S., Oliveira, F.D.,
Barbosa, A.L., Freitas, R.M., Almeida, R.N., Medeiros, J.V. (2014) Evaluation of the anti-inflammatory and
antinociceptive effects of myrtenol, a plant-derived monoterpene alcohol, in mice. Flavour and Fragrance Journal.
29, 184-192. https://doi.org/10.1002/f1].3195
Abu-Izneid, T., Rauf, A., Shariati, M.A., Khalil, A.A., Imran, M., Rebezov, M.B., Uddin, M.E., Mahomoodally, M.F.,
Rengasamy, K.R. (2020) Sesquiterpenes and their derivatives-natural anticancer compounds: An
update. Pharmacological research. 105165. https://doi.org/10.1016/j.phrs.2020.105165



http://refhub.elsevier.com/S1878-5352(18)30062-5/h0215
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0325
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0180
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0090
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0260
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0335
http://refhub.elsevier.com/S1878-5352(18)30062-5/h0095
https://doi.org/10.17533/udea.acbi/v45n118a01
https://doi.org/10.1080/10942912.2015.1040495
https://doi.org/10.1371/journal.pone.0131799
https://doi.org/10.1016/j.arabjc.2018.03.004
http://www.plantarchives.org/19-2/4227-4232%20(5955).pdf
https://doi.org/10.3390/separations10010059
https://doi.org/10.1371/journal.pone.0131799
https://ijichthyol.org/index.php/iji/article/view/815
https://doi.org/10.3389/fmicb.2016.02161
https://doi.org/10.1111/1750-3841.13254
https://doi.org/10.1016/j.bmc.2013.08.014
https://web.archive.org/web/20041107161247/http:/sun.ars-grin.gov:8080/npgspub/xsql/duke/chemdisp.xsql?chemical=BORNEOL
https://web.archive.org/web/20041107161247/http:/sun.ars-grin.gov:8080/npgspub/xsql/duke/chemdisp.xsql?chemical=BORNEOL
https://doi.org/10.1002/ffj.3195
https://doi.org/10.1016/j.phrs.2020.105165

204

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Zhang, S., Won, Y., Ong, C.N., Shen, H. (2005) Anti-cancer potential of sesquiterpene lactones: bioactivity and
molecular mechanisms. Current medicinal chemistry. Anti-cancer agents. 5(03), 239-49.
https://doi.org/10.2174/1568011053765976

Liu, Z., Dong, M., Chang, H.S., Han, N., Yin, J. (2020) Guaiane type of sesquiterpene with NO inhibitory activity
from the root of Wikstroemia indica. Bioorganic chemistry. 99, 103785. https://doi.org/10.1016/j.bioorg.2020.103785
Mukai, A., Takahashi, K., Kofujita, H., Ashitani, T. (2018) Antitermite and antifungal activities of thujopsene natural
autoxidation products. European Journal of Wood and Wood Products. 77, 311-317. https://doi.org/10.1007/s00107-
018-1370-4

Raja Rajeswari, N., RamalLakshmi, S., Muthuchelian, K. (2011) GC-MS Analysis of bioactive components from the
ethanolic leaf extract of Canthium dicoccum ( Gaertn.) Teijsm & Binn. J. Chem. Pharm. Res. 3(3), 792-798.
https://www.jocpr.com/articles/gcms-analysis-of-bioactive-components-from-the-ethanolic-leaf-extract-of-
canthium-dicoccum-gaertn-teijsm--binn.pdf

Calva, J., Bec, N., Gilardoni, G., Larroque, C., Cartuche, L., Bicchi, C., Montesinos, J.V. (2017) Acorenone B: AChE
and BChE Inhibitor as a Major Compound of the Essential Oil Distilled from the Ecuadorian Species Niphogeton
dissecta (Benth.) J.F. Macbr. Pharmaceuticals. 10(4), 84. https://doi.org/10.3390/ph10040084

Rahman, M.S., Anwar, M.N. (2010) Antibacterial and Cytotoxic Activity of Longiverbenone Isolated from the
Rhizome of Cyperus scariosu. Bangladesh Journal of Microbiology. 25, 82-84.
http://dx.doi.org/10.3329/bjm.v25i1.4866

Fidyt, K., Fiedorowicz, A., Strzadala, L., Szumny, A. (2016) B-caryophyllene and B-caryophyllene oxide-natural
compounds of anticancer and analgesic properties. Cancer Medicine. 5,3007 - 3017. https://doi.org/10.1002/cam4.816
do Nascimento, K.F., Moreira, F.M., Alencar Santos, J., Kassuya, C.A., Croda, J.H., Cardoso, C.A., Vieira, M.D.,
Gois Ruiz, A.L., Ann Foglio, M., de Carvalho, J.E., Formagio, A.S. (2018) Antioxidant, anti-inflammatory,
antiproliferative and antimycobacterial activities of the essential oil of Psidium guineense Sw. and
spathulenol. Journal of ethnopharmacology. 210, 351-358. https://doi.org/10.1016/j.jep.2017.08.030

Kumaresan, S., Senthilkumar, V., Stephen, A., Balakumar, B.S. (2015) GC-MS analysis and pass-assisted prediction
of biological activity spectra of extract of phomopsis sp. Isolated from andrographis paniculata. World Journal of
Pharmaceutical Research. 4 (1), 1035-1053. https://wjpr.net/abstract show/1994

Gruda, N.S., Bisbis, M., Tanny, J. (2019) Influence of climate change on protected cultivation: Impacts and sustainable
adaptation strategies - A review. Journal of Cleaner Production. 225, 481-495.
https://doi.org/10.1016/J.JCLEPRO.2019.03.210

Najar, B., Demasi, S., Caser, M., Gaino, W., Cioni, P.L., Pistelli, L., Scariot, V. (2019) Cultivation Substrate
Composition Influences Morphology, Volatilome and Essential Oil of Lavandula Angustifolia Mill. Agronomy. 9 (8),
411. https://doi.org/10.3390/agronomy9080411

Giannoulis, K.D., Evangelopoulos, V., Gougoulias, N., Wogiatzi, E. (2020) Could bio-stimulators affect flower,
essential oil yield, and its composition in organic lavender (Lavandula angustifolia) cultivation? Industrial Crops and
Products. 154, 112611. https://doi.org/10.1016/j.indcrop.2020.112611

Barra, A. (2009) Factors Affecting Chemical Variability of Essential Oils: A Review of Recent Developments. Natural
Product Communications. 4 (8), 1147 — 1154. https://doi.org/10.1177/1934578X0900400827

Filly, A., Fabiano-Tixier, A., Louis, C., Fernandez, X., Chemat, F. (2016) Water as a green solvent combined with
different techniques for extraction of essential oil from lavender flowers. Comptes Rendus Chimie. 19, 707-717.
https://doi.org/10.1016/j.crci.2016.01.018

Boulila, A., Sanaa, A., Salem, I.B., Rokbeni, N., M’rabet, Y., Hosni, K., Fernandez, X. (2015) Antioxidant properties
and phenolic variation in wild populations of Marrubium vulgare L. (Lamiaceae). Ind. Crops Prod. 76, 616—
622. https://doi.org/10.3390/plants11050612

© 2025 by the authors; licensee Growing Science, Canada. This is an open access article
@ ® distributed under the terms and conditions of the Creative Commons Attribution (CC-BY)

license (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.2174/1568011053765976
https://doi.org/10.1016/j.bioorg.2020.103785
https://doi.org/10.1007/s00107-018-1370-4
https://doi.org/10.1007/s00107-018-1370-4
https://www.jocpr.com/articles/gcms-analysis-of-bioactive-components-from-the-ethanolic-leaf-extract-of-canthium-dicoccum-gaertn-teijsm--binn.pdf
https://www.jocpr.com/articles/gcms-analysis-of-bioactive-components-from-the-ethanolic-leaf-extract-of-canthium-dicoccum-gaertn-teijsm--binn.pdf
https://doi.org/10.3390/ph10040084
http://dx.doi.org/10.3329/bjm.v25i1.4866
https://doi.org/10.1002/cam4.816
https://doi.org/10.1016/j.jep.2017.08.030
https://wjpr.net/abstract_show/1994
https://doi.org/10.1016/J.JCLEPRO.2019.03.210
https://doi.org/10.3390/agronomy9080411
https://doi.org/10.1016/j.indcrop.2020.112611
https://doi.org/10.1177/1934578X0900400827
https://doi.org/10.1016/j.crci.2016.01.018
https://doi.org/10.3390/plants11050612

	2. Results and Discussion
	3. Conclusions

