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Table 1. Characteristics of plant sample habitats.
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Table 2. Comparison of mean and standard deviation of DPPH antioxidant activity in ethanol and ethyl acetate
extracts.

Antioxidant activity against DPPH radical (Mean + SD*) (%)

Eth® EAP
(Cod)? 1 2 3 Total 1 2 3 Total
86.36 + 89.13+ 78.65 84.71+ 92.58+ 81.71+ 83.20 85.83
2.51 0.38 +2.56* 1.82 2.71%* 1.57 1+2.19 1+2.16

A Standard Deviation. B Province Code. © Ethanol- P Ethyl Acetate:
* Minimum ** Maximum
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Table 3. Comparison of mean and standard deviation of antioxidant activity of FARP ethanol and ethyl acetate
extracts.

(o Isbewl Gzl £ . Kle) FARP 50!, ply e SlaesT 6T el
Antioxidant activity against FARP radical (Mean = SD*)(umol Fe2+/g DW)

_ (Code)® sl o lae EthC Sl sl o L EAP
1 2 3 Total 1 2 3 Total
15.15 12.06+ 11.76% 12.99+ 16.68+ 18.88+ 14.64 16.73+
+0.64 0.57 0.71* 0.64 0.45 0.84** +0.54 0.61

A Standard Deviation. B Province Code. © Ethanol P Ethyl Acetate:
* Minimum ** Maximum

Gas chromatography/mass spectrometry(GC-MS) -
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Fig. 1. Evaluation of the antioxidant potential of polar and semi-polar extracts from three ecotypes of A.

absinthium species using the DPPH method. Sample 1 was collected from Guilan, sample 2 was collected
from Golestan, and sample 3 was collected from Semnan.
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Fig. 2. Evaluation of antioxidant potential of polar and semi-polar extracts of three ecotypes of A. absinthium

species using FRAP method. Sample 1 was collected from Guilan region, sample 2 was collected from
Golestan region, and sample 3 was collected from Semnan region.

s ol el
Antioxidant activities (%) (umol Fe**/g DW)

Gl s )0 AYDA 2YIVY L (DLS CuisST bl ol lawgs (6,05 o)las DPPH 3g, 0 ) JS& 4 a5 b

S N,l05L o ;s AVIVY £V/OVL HLedS 58T § duoyo AYIY e £YNVA L liows o3sST 0510 1) (g)lo5h o yo oy i
APIYE £YI0Y L (LS 68T ao ;0 AVNYE VA L LS 58T ¢ Joibil Jawgd (6,05 ojlac jo hlie jo a5 auils
099y 50 N0g (Salail ws s ke eS g cpidon Sl cud A de s YAFOEY/DF Ll (ST 9 oo
«(umol Fe? /g DW)YA/AA £+ /AF L leadS CoioST eoos 5 4 liwl sl bawgs (605 o)lac ¥ JSb 4 a5 L FRAP
L awslio ,o (umol Fe?*/g DW) VF/#F £:/0F low 5981 o (UMOl Fe?*/g DW) VF/FA ++/F0 - DLS CusoS]

Yo-



oyl TPl )l SLEl 5t 5 pole dloo

pmol FeZ/g ) \Y/+ & £+ 10V \leudS 5551 «(umol Fe2* /g DW)HYO/N O -+ /5FL S 5551 ¢ Joib! lawgs (5 5o lac
i oo lid 1y 6 YL SlaST 5T el (umol Fe?/g DW) VIV £+ VL yliow <oudsST 9 (DW
@ ¥ o)leds Jgaz o (B a5 oo ojlae by (laiidl slacSsST St 5 J5ib )y 5l Jol> @l ik

S S R e

3 50 bl slacassST Sl sl s Joibl sla ojlac aSeigdld 5 Joud Jlae Blpoul 5 2Kk annlan -F Jou

sor

Table 4. Comparison of mean and standard deviation of phenolic and flavonoid content in ethanol and ethyl
acetate extracts of examined A. absinthium species.

Olome Syl :Sile ) 528 5 audgigdls g5
Variation in Flavonoid & Phenolic (Mean + SD#)

S99 /Flavonoid (mg QE/g DW)

Sl o Lac /ELhC Sl Lo Llas /EAP
(Code)® 1 2 3 Total 1 2 3 Total
7.36% 423+ 3.73+ 5.10+ 6.69+ 7.95+ 744+  7.36 +£0.33
0.52 0.72 0.46* 0.57 0.46 0.17%* 0.37
Js:6 /Phenolic (mg GAE/g DW)
Sl o Lac /EthC Sl Lo Llas /EAP
1 2 3 Total 1 2 3 Total
37.
42.07+ 33.62+ 18 37.62 24.20+ 24.27 17.51+ 21,99+ 035
0.22%* 0.44 +0. +0.23 0.36 +0.25 0.42%*
03

A Standard Deviation. B Province Code. © Ethanol P Ethyl Acetate:
* Minimum ** Maximum

LSedle slexe Flavonoid content

(mg QE/g DW)
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Fig. 3. Evaluation of flavonoid content in polar and semi-polar extracts of three ecotypes of A. absinthium
species - Sample 1 collected from Guilan region, Sample 2 collected from Golestan region, and Sample
3 collected from Semnan region.
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Fig. 4. Evaluation of phenolic content in polar and semi-polar extracts of three ecotypes of A. absinthium

species - Sample 1 collected from Guilan region, Sample 2 collected from Golestan region, and Sample 3
collected from Semnan region.
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Table 5. Compositions of the essential oils of three ecotypes of A. absinthium and their percentages(Houshmand
etal., 2023).

N Compound RT ERI R.I wf w;/‘ uad
Xp Lit oS Seads | ol
1 Santolina triene 3.951 905 906 - - 0.11
2 a -Pinene 4.383 930 932 - 2.88 0.87
3 Camphene 4.418 944 946 2.93 - 3.31
4 Sabinen 5.105 962 969 3.97 1575 9.9
5 B- pinene 5.111 971 974 - - 0.84
6 B-myrcene 5.371 987 988 0.74 - -
7 Mesitylene 5.459 995 994 - - 0.22
8 n-Decane 5,504 1001 1000 7.97 1146  1.17
9 a -Fellandrene 5.593 1005 1003 - 4.01 1.27
10 o-Cymene 5.970 1020 1022 - 11.43 -
11 1,8-cineole 6.126 1024 1026 1.97 - 491
12 y-Terpinene 6.241 1054 1054 - - 1.13
13 Terpinolene 6.303 1085 1086 - 0.49 1.15
14 Linalool 6.322 1087 1088 1.48 0.70 0.25
15 p- Cymenene 6.715 1090 1089 0.86 5.37 0.97
16 a-thujone 7.124 1100 1101 2.90 10.30 29.43
17 Hotrienol 7.380 1103 1104 1.92 - -
18 B-thujone 7.413 1111 1112 - 1.37 2.57
19 Camphor 7.501 1143 1141 6.94 4.38 6.98
20 Neo-isopulegol 7.690 1144 1144 0.93 - -
21 Borneol 8.311 1166 1165 1.19 - 2.73
22 Rosefuran epoxide 8.526 1172 1173 - - 0.54
23 Terpinen-4-ol 8.689 1176 1174 2.46 0.75 1.92
24 a -Terpineol 8.707 1186 1186 - - 0.45
25 n-Dodecane 8.989 1201 1200 4.38 5.75 -
26 Endo-a-fenchyl acetate 10.275 1217 1218 0.90 - -
27 Neral 10.364 1236 1235 - - 0.27
28 Cumin aldehyde 10.509 1238 1238 - - 0.23
29 Carvotanacetone 10.698 1244 1244 - - 0.44
30 Geraniol 10.787 1248 1249 - - 0.92
31 Perilla aldehyde 10.808 1269 1269 - - 0.27
32 Thymol 11.274 1288 1289 0.65 - -
33 Carvacrol, ethyl ether 11.430 1298 1298 - - 0.37
34 Trans-dihydro- o -Terpinyl acetate 11500 1301 1300 - - 1.11
35 a.-Terpinyl acetate 11.852 1347 1346 2.20 - -
36 a -Copaene 12.128 1375 1374 - 0.71 -
37 B-Patchoulene 12.548 1377 1379 - - 0.6
38 B -Cubebene 13.125 1390 1387 - - 2.24
39 [ -Bourbonene 12906 1389 1387 - - 0.19
40 (2)- Jasmone 13.383 1390 1392 2.12 - 0.55
41 n -Tetradecane 13.528 1399 1400 1.52 2.28 0.34
42 a -cedrene 13.716 1411 1410 - 0.34 0.21
43 (E) -Caryophyllene 13.960 1416 1417 0.68 0.96 1.43
44 B-Copaene 14.039 1418 1419  1.16 - 0.47
45 B -Cedrene 14237 1419 1419 - 0.59 -
46 Aromadendrene 14.407 1437 1439 0.94 - 2.33
47 (2)-B-Farnesene 14560 1411 1440 0.72 - 0.60
48 Ar-Curcumene 14.646 1479 1479 - - 0.11
49 Germacrene D 14814 1485 1480 6.54 2.28 -
50 B -Selinene 14936 1488 1489 - 2.04 -
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51 Viridiflorene 15287 1496 1496 - - 0.62
52 o -Farnesene 15589 1504 1505 0.38 0.47 0.30
53 CIS- o -bisabolene 15.790 1506 1506 - - 0.39
54 3 -Cadinene 15924 1527 1522 1331 2.34 1.99
55 (2)- Nerolidol 16.245 1534 1531 3.18 - 0.36
56 a -Calacorene 16.547 1540 1544 - 4.18 -
57 Spathulenol 16.956 1575 1577 3.02 0.89 1.32
58 Caryophyllene oxide 17.078 1585 1582 1.76 2.08 1.19
59 Thujopsan-2-a-ol 17454 1588 1586 - 141 -
60 n-Hexadecane 17.589 1600 1600 - 0.72 -
61 a- Corocalene 17.766 1622 1622 - 0.85 -
62 Eremoligenol 17.922 1630 1629 - - 1.26
63 allo-aromadendrene epoxide 18.051 1638 1639 6.93 - 0.56
64 _epi-a-Muurolol 18.465 1643 1640 3.58 - 1.83
65 Chamazulene 19.896 1730 1730 - - 0.43
66 (2Z,6E)- Farnesy| acetate 20.801 1821 1821 0.34 - -
67 oleic acid 26.011 2142 2141 2.57 - -
Oxygenated monoterpenes 23.62 175 52.64
Hydrocarbon monoterpenes 1647 5139 2031
Oxygenated sesquiterpenes 15.29 4.38 6.16
Hydrocarbon sesquiterpenes 23.73 1476 11.48
Other compounds 14.03 8.75 2.65
total 93.14 96.78 93.24

RT = retention time; RI = retention index; Exp.=experimental and Lit.=Literature.
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Fig. 5. Evaluation of the percentage of essential oil compounds in three ecotypes of A. absinthium.
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Among the valuable plants of Iran, the Artemisia species belongs to the Asteraceae family,
which is relatively widely distributed in different parts of Iran. Considering that the
antioxidant potential is significantly dependent on the nature of the solvent, the extraction
method of the plant collected from each region also depends on many parameters such as
weather, altitude, and light. In this study, wormwood (Artemisia absinthium) was collected
from three different regions of Iran and the antioxidant potential of these ecotypes was
evaluated. In this research, the medicinal properties, including the antioxidant content (by
DPPH and FRAP assays), flavonoid content (TFC), and total phenol (TPC) were evaluated in
polar (ethanol) and semi polar (ethyl acetate) extracts, and the percentage and variety of
essential oil compounds were evaluated. The Gilan ecotype has the most antioxidants, The
Semnan ecotype showed the least antioxidant inhibition, and the non-polar solvent ethyl
acetate showed a higher regenerating activity, which indicates that the type of solvent used in
extraction is very effective for antioxidant activity. The AC values of the ecotypes ranged
from 78.65 to 92.58 % extract (by DPPH assay) and from 11.76 to 18.88 Mmol Fe (by FRAP
assay) respectively. Gilan ecotype has the highest phenolic content in polar extract, and the
Golestan ecotype showed the highest flavonoid content in non-polar extract. Semnan ecotype
had the most oxygenated monoterpene compounds, and the most composition in essential oil
among other ecotypes. Golestan ecotype had the highest percentage of essential oil among
other ecotypes. The diversity of phenolic contents, essential oil, and antioxidant compounds
observed in the three studied ecotypes can be due to various ecological, genetic,
geographical, and nutritional factors.

Keywords: Artemisia absinthium, DPPH, FRAP, Polar extract, Semi polar extract.



