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Abstract: Phytochemical investigation of the aerial parts of Artemisia heptapotamica Poljak led to the
isolation of ten known compounds, including four alkyl p-coumarates: octadecyl trans-p-coumarate
(1), icosy trans-p-coumarate (2), docosyl trans-p-coumarate (3), and tetracosyl trans-p-coumarate (4),
one sesquiterpene lactone: santonin (5), four flavonoids; axillarin (6), quercetin 3-O-methyl ether
(7), luteolin (8), and quercetin (9), and one phenolic acid derivative: p-coumaric acid (10). The
structures of the isolated compounds were identified by various spectroscopic analyses. Addition-
ally, the antimicrobial activity of the total extract and different fractions was screened, and they
exhibited no inhibition of the growth of Candida albicans, C. neoformans, Aspergillus fumigatus,
methicillin-resistant Staphylococcus aureus (MRS), E. coli, Pseudomonas aeruginosa, Klebsiella pneumo-
nia, and Vancomycin-resistant Enterococci (VRE) at the tested concentrations ranging from 8 to 200
pg/mL. The identification and tentative characterization of the secondary metabolites were con-
ducted using LC-QToF analysis. This method helps in the putative characterization of sesquiter-
pene lactones, flavonoids, coumarate derivatives, and aliphatic compounds. The developed
method identified 43 compounds, of which the majority were sesquiterpene lactones, such as eu-
desmanolides, germacranolides, and guaianolide derivatives, followed by flavonoids. The pro-
posed LC-QToF method helps develop dereplication strategies and understand the major class of
chemicals before proceeding with the isolation of compounds.

Keywords: Asteraceae; Artemisia heptapotamica; LC-QTpoF; sesquiterpene lactones; flavonoids;
coumarate derivatives; aliphatic compounds

1. Introduction

Artemisia L. is the largest genus belonging to the family Asteraceae [1]. This genus is
known for its essential oils with aromatic and medicinal properties, which are used in
traditional medicine as well as in modern scientific medicinal practices [2,3]. Wormwood
is widespread and widely found across geographical areas: in the temperate zone of
Eurasia, North and South Africa, Europe, the Middle East, Afghanistan, Pakistan, China,
Korea, Japan, and India (Himalayas). Plenty of species are found in Russia (174 species),
mainly in Yakutia (22), Siberia (70), and Buryatia (46), and also in China (200) [4]. Ap-
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proximately 500 species of wormwood are known worldwide, and 81 species grow in
Kazakhstan. However, only 30 of Kazakhstan’s wormwood species have been studied
from various biological, ecological, and chemical perspectives. [5]. Extracts of Artemisia
species improve digestion, stimulate appetite, and are used to treat dyspepsia, acid gas-
tritis, gastrointestinal tract diseases, liver diseases, gall bladder problems, insomnia,
malaria, influenza, and upper respiratory tract ailments. They have also been used to
treat bronchial asthma, rheumatism, eczema, dysentery, anemia, jaundice, obesity, me-
teorism, migraine, hypertension, and tuberculosis. Artemisia species have been found to
have various pharmacological activities, such as anthelmintic, antimicrobial, an-
ti-inflammatory, antitumor, antioxidant, cytostatic, antifungal, antimalarial, antileish-
maniasis, antinociceptive, immunomodulatory, and antipyretic activity, as well as potent
inhibitory activity against FPTase [6]. One of the endemic Artemisia plants is Artemisia
heptapotamica Poljak. There are few chemical studies on this plant, and a recent study
showed the presence of methyl ether of quercetin [7], in addition to monomeric and di-
meric sesquiterpene lactones from this plant. Most isolated monomeric sesquiterpenes
showed strong inhibition of the lipopolysaccharide (LPS)-induced NF-«kB activation in a
THP1-Dual cell model [8]. This study aimed to isolate the compounds from the whole
plant and characterize them using NMR and LC-QToF analysis, in addition to evaluation
of the antimicrobial activity of the total extract and different fractions.

2. Results and Discussion

2.1. Identification of the Isolated Compounds

The ethyl acetate fraction of methanol of A. heptapotamica was fractionated and pu-
rified using silica gel column chromatography, producing ten known compounds (Figure
1), including four alkyl p-coumarates: octadecyl trans-p-coumarate (1), icosy
trans-p-coumarate (2), docosyl trans-p-coumarate (3), and tetracosyl trans-p-coumarate (4)
[9]; one sequiterpene: santonin (5) [10,11]; four flavonoids: axillarin (6) [12], quercetin
3-O-methyl ether (7) [13], luteolin (8) [14], and quercetin (9) [15]; and one phenolic acid
derivatives: p-coumaric acid (10) [16]. The structures of the isolated compounds were
elucidated using different spectroscopic analyses such as 1D NMR experiments ('H, 1*C,
DEPTQ, and DEPT), HR-ESI-MS analysis (Supplementary Materials: Figures S1-527),
and comparison with the published data. Compounds 1-10 were isolated from A. hepta-
potamica for the first time.

(o]

HO
1n=17
2 n=19 OH O
3 :fg; 6 R;=OCHj, R,=OCH,
AN OH 7 R1=0CH3, R2=H
8 R1=H, R2=H
HO 9 R,=OH, R,=H

10
Figure 1. Structures of the isolated compounds from A. heptapotamica.
It was clear that the fraction of alkyl p-coumarate did not correspond to any single

compound. Thus, it was subjected to a detailed study using 'H NMR, DEPTQ, and
HR-ESI-MS to identify the structures of these compounds in a mixture.
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2.2. Antimicrobial Activity

The antibacterial and antifungal activities of the total extract, as well as n-hexane
and EtOAc fractions of the aerial parts of A. heptapotamica, were studied. They exhibited
no inhibition of the growth of Candida albicans, C. neoformans, Aspergillus fumigatus,
methicillin-resistant Staphylococcus aureus (MRS), E. coli, Pseudomonas aeruginosa, Klebsiella
pneumonia, and Vancomycin-resistant Enterococci (VRE) at the tested concentration
ranging from 8 to 200 pug/mL. Although different studies have shown that quercetin, its
derivatives, and luteolin had broad-spectrum antibacterial and antifungal properties
[17,18], the methanolic extract and different fractions displayed no activity on the tested
microorganisms due to the small concentration used in the assay.

2.3. Identification and Tentative Characterization of Secondary Metabolites Using LC-QToF

The secondary metabolites from aerial parts of A. heptapotamica (methanolic extract)
were separated using liquid chromatography, followed by their characterization using
time-of-flight mass spectrometry. The mass accuracy for the putatively identified com-
pounds was less than 4 ppm error. The identified compounds presented in Table 1 con-
sisted of sesquiterpene lactones and flavonoids in the majority. In addition, coumarate
derivatives and p-coumaric acid were also identified. Sesquiterpene lactones were de-
tected in an ESI-positive ionization mode with [M + NH4]* and [M + Na]* adduct precur-
sor ions. The tentative characterization of compounds was processed based on the mo-
lecular features, such as accurate mass, fragment ions (neutral ions), and precursor ion
molecular formula. The representative base peak chromatograms (BPC) in negative and
positive modes, along with LC-DAD profiles at 210 nm, are shown in Figure 2.
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Figure 2. LC-DAD-QToF chromatograms of Artemisia heptapotamica aerial part: QToF-MS Base Peak
chromatograms in negative and positive modes and DAD chromatogram at 210 nm.
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2.3.1. Sesquiterpene Lactones (1-22)

Sesquiterpene lactones are the major class of compounds in the Artemisia species. To
perform characterization using LC-QToF, a few sesquiterpene lactones, e.g., santonin
(compound 19), were isolated from aerial parts of A. heptapotamica in this study. Santonin
mass fragmentation initiated with loss of water molecules, resulting in m/z 228.1219 [M +
H-H20]*. The following loss of -CO and sequential loss of -C2Hs and -CHa resulted in m/z
201.1271, 173.0954, and 157.0648, respectively. Further loss of -CO ion resulted in the
opening of the lactone moiety. Further loss of ketene moiety (-C2H20) from the opened
six-membered ring resulted in the formation of m/z 115.0542. Fragments with the least
molecular weight (m/z 105.0698 and 91.0544) were useful in determining the backbone
skeleton of the molecule. These characteristic fragments matched with the reported san-
tonin fragmentation pathway [19]. Furthermore, based on the high-resolution mass
spectrometric data, corresponding fragment ions of different types of sesquiterpene
backbone skeletons were observed, i.e., eudesmanolides, germacranolides, and guiano-
lide derivatives. The molecular features depicted in Table 1 provided further confirma-
tion of the various sesquiterpene moieties. A total of twenty-two compounds of sesquit-
erpene lactones were tentatively characterized. The identified compounds were reported
in various Artemisia species. The m/z values of the tentatively characterized sesquiter-
penes are shown in Table 1 under the guidance of reported mass fragments and isolation
reports (from the dictionary of natural products) [20-24]. Based on the fragmentation
pattern of santonin, remaining sesquiterpene lactones were identified and tentatively
characterized.

2.3.2. Flavonoids (23-36)

Using the isolated reference compounds and exact mass measurements, fourteen
flavonoid compounds were identified. Most of the compounds are flavone derivatives.
There are two quercetin derivatives, along with quercetin and luteolin. Flavonoids have
established mass fragmentation patterns based on the literature previously reported
[20,22-25]. The flavone derivatives showed that the fragmentation starts with the loss of
functional groups, such as water, methoxy group, and -glc. The aglycone molecular
weight helps in understanding the backbone skeleton. The corresponding flavonoids’
exact mass [M + HJ*/[M-H]- and fragment ions are shown in Table 1. Compound 25
showed m/z 509.1284 [M + H]* with a C23H24013 molecular formula. The corresponding
fragment ions resulted in m/z 347.0762 [M + H-Glc]*, 331.0434, and 289.0329, respectively.
The compound was characterized as 3,4,57-tetrahydroxy-3-methoxyflavone
7-O-p-D-glucopyranoside. Similarly, the flavone derivatives were characterized based on
their fragmentation pathways. Along with hydroxy/methoxy flavone derivatives, simple
aglycone flavonoids such as quercetin (compound 27) and luteolin (compound 26) were
identified. Quercetin showed m/z 303.0491 [M + HJ* and m/z 301.0354[M-H]- with frag-
ment ions at m/z 153 and 151, respectively. Furthermore, luteolin showed m/z 287.0548 [M
+ HJ* and 285.0406 [M-H]- in both positive and negative ionization modes. In addition,
one quercetin derivative (compound 33) was identified with m/z 317.0658 [M + H]* with
fragment ions at m/z 301.0343 (such as quercetin aglycone), 274.0465, and 137.0233. The
compound was characterized as quercetin 3-O-methy]l ether.

2.3.3. Others (37-43)

Seven compounds were identified apart from sesquiterpenes and the flavonoid class
of compounds. At 5.8 min, the chromatographic peak showed m/z 165.0546 [M + H]* and
163.0398 [M-H]- with fragment ions at m/z 119.0502 [M-H-CO]" in the negative mode of
ionization. The compound was characterized as p-coumaric acid (compound 37). In ad-
dition, an aliphatic compound was identified with chemical formula CiHisOs. Com-
pound 38 was tentatively characterized based on the exact mass at m/z 185.1186 [M-H]-
and corresponding fragment ion at m/z 167.1077 [M-H-H20O]-. Compound 39 was identi-
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fied as 3,4,5-tri-caffeoylquinic acid with a precursor ion at m/z 677.1524 [M-H]-. The cor-
responding fragment ions were at m/z 515.1198 [M-H-Glc]-, 353.0822 [M-H-Glc-Glc]-, and
191.0572 [quinic acid] [26], respectively. In addition, non-polar compounds (compounds
40-43) were matched with isolated standards. The corresponding adduct ions in the
negative mode, along with their retention times, are listed in Table 1.

The isolated compounds, as well as chromatographic peaks with distinctive frag-
ment ions, were confirmed based on the reported literature studies whose corresponding
references are listed in Table 1. Furthermore, compounds whose fragment ions were not
observed in this study were tentatively identified based on their molecular features and
database searches such as from the dictionary of natural products and other literature of
isolated compounds from Artemisia species.

Table 1. Tentative identification and characterization of phytochemical compounds in Artemisia
heptapotamica whole plant extract using LC-QToF in positive and negative ionization modes.

Fragment Fragment
RT Molecular Adduct Iins Adduct I%)ns
# . Compound Name Mass .. (-ve . Ref.
(min) Formula (+ve Mode)  (Positive Mode) (Negative Ion
Ion Mode) Mode)
Sesquiterpene lactones
1 4.6 Artemis. 300.1809 181.0845, - -
) A7 inin/Artemisinin G Ci5sH205 282.1467  (300.1813) *  105.0685, i i [22]
) [M + NHa]* 91.0534
Artelavanolide A/ 314.1584 183.1003,
3 6.8  Austroyunnane B/C/E/  CisH200e 296.1260  (314.1598) 153.0895, - - [20]
Artemdubolide I [M + NHa]* 107.0845
263.1271
(263.1278) 245.1165,
. . N [M +H]J* 233.1162,
4 8.7  Guaianolide derivative  CisH1sOs4 262.1205 285.1095 91.0433, - - [20,27]
(285.1097) 772.0286
[M + Na]*
265.1423
265.1434
Rupicoline B/ ([M + H]*) 263.1294
5 8.8 Hydroxyachillin C15H2004 264.1362 287 1242 - (263.128?) - [20]
(287.1254) [M-H]
[M + Na]*
295.1177
(295.1187)
[M-HJ
6 8.9 Artemdubolide I C16H210s 296.1260 - - 341.1231 - [20]
(341.1242)
M+
COOH]-
537.2119
(537.2130)
[M-HJ
7 9.3 Millifolide A C30H3:09 538.2203 - - 583.2145 - [20]
(583.2185)
M+
COCH]
8 14.1 Dihy- 267.1586 - -
9 161 dmxy'wd‘;smen”hde CisH»O:1  266.1518 (E\é/f f‘;’%{) 249.1470 - - [20,21]
10166 Dihy- 284.1845 - -
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droxy-germacradien-o

(284.1856) [M

lide + NH.J*
323.1477,
363.1403 ;g?i;izl
11 15.5 Valerianin C Ci7H2407 340.1522 (363.1414) 169.1210: [20]
M*Nal™ 511107,
109.1003
279.1582,
. Ezoarte- . 356.1695 261.1459,
12 174 iYamayomoginin o b o a3gi366  @seavos) 21307 [20,27]
(Guaianolide deriva- [M + NH.] 205.1198,
tive) 173.0940,
153.0892
9-Acetoxy-5-hydroper 342 1898
13 181 VAWM o0 31573 @aao1ny o726 [20,21]
eudesmadien-12-oic 265.1430
) [M + NHaJ*
acid
W e
5 192 droxy-guaiadien-olide [M + NH.J 263.1262,
: / CisHoOs  280.1311 155.1057, [20,21,27]
Eudesmanolide deriv- 303.1199 109.1005
16 204 e (303.1203)
[M + Nal*
235.1318
17 192 Ajaniaolide B C1sHi180s 234.1256 (235.1329) [20]
[M + HJ*
247.1314
325.1640 [C15H180s +
(325.1646)  HJ' (arbus-
3B-Acetoxy-1B-hydrox [M +HJ* culin skele-
18 195 °F yarbzscﬁhny CrHuOe 3241573 . ton), 28]
(347.1465) 173.0947,
[M+Na]*  135.0794,
115.0538
229.1219 [M
+ H-H20],
201.1271 [M
+
H-H20-CO]
*,173.0954
M+
H-H>0-CO-
CaHal,
247.1329 157.0648 (M
19 19.7 Santonin CisH1s0s 246.1256 (247.1329) + [19]
[M+H] H-HO-CO-
C2Hs-CH4JY,
129.0700 [M
+
H-H:0-CO-
C2Hs-CHs-C
o,
115.0542 [M

+
H-H0-CO-
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C2H4-CHs-C
2H20T%,
105,0698
[CsHs + HI,
91.0544
[C7He]*
231.1
Arbusculin 271.1305 14311.0222:
20 224 C/Taurin/Finitin Ci15H2003 248.1412 (271.12953 M 128.0606, - - [20,28]
+Nal 115.0530
3-Acetyldihydrorident 331.1505 EZ;ZZ
21 230 in/Nitrosin - 1y s 3081624 (3311516)  231.1363, - - [20]
[Torrentin/Epitorrenti [M + NaJ* 105.0695,
n/Herbolide B/C/D/ 91.0537
. 389.1577
22 33 Dihydroeudesmano- o Ly o 661679 @89.a571) 21203 - - [20,21]
molide 135.1152
[M + NaJ*
Flavonoids
3,3',4',5,7-pentahydrox
-6-methoxyflavone;
C’ZO—[O(—L—rh;]mnopyra 641.1703
23 8.1 nosyl-(1 — CasH32017 640.1639 (641.1712) 347.0745 - - [20]
, [M + HJ*
6)-p-D-glucopyranosid
e]
3',4',5,7-tetrahydroxy-3 4791176
20 g5 methowflavone o 0w azs1111 (@79.1184) 3020405 - - [20]
7-O-B-D-glucopyranos
, [M + HJ
ide
347.0762,
3'4'5,7-tetrahydroxy-3 331.0434, 492.0915,
6—dimeth0xy}f]1avor?e' 509.1284 314.0487 507.1149 345.0626
25 9.6 / " C2H2O13 508.1217 (509.1290) ’ (507.1144) ! [20]
7-O-B-D-glucopyranos (M + HJ* 289.0329, [M-H] 329.0311,
ide 105.0687, 314.0069
91.0534
287.0548 285.0406
26 153 Luteolin CsHiOs  286.0477  (287.0550) - (285.0405) - [29]
[M + HJ* [M-HJ
303.0491 301.0354
27 154 Quercetin C15sH1007 302.0427 (303.0499) 153.0145 (301.0356) 151.0033 [21]
M + HJ* [M-HJ-
Tetrahy- 317.0652 274.0463, 315.0516
28 159 droxy-methoxyflavone Ci16H1207 316.0583 (317.0656) 168.0054, (315.0510) - [29]
[M+HF 1400100  [M-HJ
29 16.1 300.0279,
3'4'5,5' 7-pentahydrox 315.0511 271.0250,
30 174 yﬂavone;I; "Me Zther G207 316.0583 ; ; (315'(;_511_0) 230304, 2P
[M-H] 227.0349
31 165 _, 345.0619
SASbtetrahydroxy3 o 5460689 - - @345.0616) o701 5o,
32 18.0 ,7-dimethoxyflavone - 149.0246
[M-H]
300.0277,
Quercetin 3-O-methyl 317.0658 301.0343, 315.0512 271.0250
33 17.3 Ci16H1207 316.0583 (317.0656) 274.0465, (315.0510) / [21]
ether [M + HJ* 137.0233 [M-H]- 243.0307,

227.0348,
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199.0398
70762 e
34 17.8 Axillarin Ci7H140s8 346.0689 (347.0761) 203.033 5: - - [29]
M+ 37003
3',4',5',6,7-pentahydrox 329.0670
35 21.7 yflavone; Ci7H14O7 330.0740 - - (329.0667) 271.0252 [25,29]
3',5"-dimethyl ether [M-H]-
Dihy- H50961
36 28.0  droxy-trimethoxyflavo  CisHicO7 344.0896 (345.0969) 269,043 6; - - [25,29]
ne M+H 169.0129
Others
(165.0546) 163.0398
37 5.8 p-Coumaric acid CoHsOs 164.0473 165.0546 - (163.0401) 119.0502 [21]
(M +HJ" [M-HJ
185.1186
38 167 OMethylZ-methylene- o 0 861256 - - (185.1183)  167.1077 [20]
6-octene-triol 8
[M-H]
515.1198,
409.0245,
353.0822,
329.0673,
. . 677.1524 285.0407,
39 169 3,4,5-tr;£-:;f£eoqum CuHxO1  678.1585 - - (677.1512)  271.0257, [22]
[M-HJ 243.0302,
191.0571,
179.0351,
173.0458,
161.0243
471.3848
40 462  Docosyl p-coumarate = CziHsOs 472.3916 - - (471.3844) - [30,31]
[M-HJ
443.3536
41 491 Icosy p-coumarate C29H4803 444.3603 - - (443.3531) - [30,31]
[M-H|
415.3226
42 522 Octadecyl p-coumarate CrHwuOs 416.3290 - - (415.3218) - [30,31]
[M-HJ
Tetracosyl 499.4159
43 56.5 C33Hs603 500.4229 - - (499.4157) - [30,31]
p-coumarate [M-H]

* Theoretical mass.

3. Materials and Methods

3.1. General Experimental Procedures

'H and *C NMR spectra were recorded on a Bruker Avance 400 MHz instrument.

HR-ESI-MS was taken on BrukerBioApex-FTMS with electron spray ionization. Solvents
used in this work, e.g., n-hexane, dichloromethane (DCM), ethyl acetate (EtOAc), meth-
anol (MeOH), and ethanol (EtOH), were purchased from Fisher Scientific, USA. Deuter-
ated solvents purchased from Cambridge Isotope Laboratories, Inc., Tewksbury, MA,
USA, including methanol-ds (CDsOD), chloroform-ds (CDCls), and pyridine-ds
(CsHsN-ds), were used for nuclear magnetic resonance (NMR) spectroscopic analyses.
Acetonitrile, methanol, and formic acid of HPLC-certified grade were used for LC-MS
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analysis, and water was purified using a Milli-Q system (Millipore, Bedford, MA, USA).
Column chromatography (CC) was performed using silica gel 60 (Merck, Darmstadt,
Germany; 70-230 mesh). Thin-layer chromatography (TLC) analyses were carried out
using pre-coated silica G plates w/UV254 (Sorbent Technologies, USA; 20 x 20 cm, 200
um in thickness). An ultraviolet lamp (Spectroline ENF-240C, Spectronics Corporation,
New York, NY, USA) was used for visualization of spots on thin-layer chromatograms at
254 and/or 365 nm. Spots were visualized by spraying with 2% vanillin (Tokyo Chemical
Industry Co. Ltd., Tokyo, Japan) in sulfuric acid—ethanol followed by heating at 110 °C.

3.2. Plant Material

The whole plant of A. heptapotamica was collected in October 2021 from Kokpek vil-
lage, Almaty, Kazakhstan. Identification and authentication were performed by Dr.
Danilov Mikhail Petrovich. The sample was stored with the voucher number 0000723 in
the Main Botanical Garden of the Institute of Botany and Phyto-introduction, Almaty,
Kazakhstan. The same sample was assigned with the NCNPR number 25173 and stored
in the National Center for Natural Product Research Botanical Repository, University of

Mississippi, USA.

3.3. Extraction and Isolation

The collected aerial parts of A. heptapotamica were first dried in the shade and then
crushed into small pieces. The dried plant material (1.65 kg) was extracted by maceration
with 95% methanol three times at room temperature and was concentrated under re-
duced pressure to yield 253.35 g of the total extract. The total extract was mixed with a
small amount of distilled water and successively fractionated with n-hexane and ethyl
acetate. The fractions were concentrated under reduced pressure to produce n-hexane
(29.1 g) and ethyl acetate fractions (58.74 g).

The EtOAc (58.74 g) fraction was subjected to fractionation using VLC silica gel CC
using n-hexane and EtOAc (10:0, 75:25, 50:50, 25:75, and 0:10) and finally washed with
MeOH, affording 6 fractions. Fraction F-4 (395.9 mg) was subjected to silica gel CC (40 x 2
cm, 30 g), using DCM-MeOH gradient mixtures to increase the polarity gradually in 2%
MeOH till 80 % MeOH and finally 100% MeOH were produced, yielding 37 subfractions.
The seventeenth subfraction (21.1 mg) afforded a mixture of compounds 3 and 4. The
eighteenth subfraction (12.9 mg) produced a mixture of compounds 2—4. The nineteenth
subfraction (16.5 mg) produced a mixture of compounds 2—4. The twentieth subfraction
(6.2 mg) furnished a mixture of compounds 1-4.

Fraction F-5 (14.3 g) was subjected to silica gel CC (75 x 4 cm, 375 g), using DCM-
MeOH gradient mixtures to gradually increase the polarity in 2% MeOH till 80% and fi-
nally 100% MeOH were produced, affording 29 subfractions. The eleventh subfraction
was crystalized to produce compound 5 (45 mg). The eighteenth subfraction was precip-
itated to give compound 6 (27 mg). Subfraction F-5-21 (1.26 g) was purified on silica gel
CC using DCM-MeOH gradient mixtures to gradually increase the polarity in 2% MeOH
till 80% MeOH was produced, affording compound 7 (8.4 mg). Subfraction F-5-24 (342.8
mg) was rechromatographed over silica gel CC using DCM-MeOH gradient mixtures to
gradually increase the polarity in 2% MeOH till 80% MeOH was reached, producing a
mixture of compounds 7 and 8 (14.5 mg) and 9 (24.4 mg). Subfraction F-5-26 (450.1) was
purified on silica gel CC using DCM-MeOH gradient mixtures to gradually increase the
polarity in 2% MeOH till 80% MeOH was reached, producing compound 10 (8.2 mg).

3.4. Evaluation of Antimicrobial Activity

The antimicrobial activity of the total extract and different fractions was evaluated
using the method reported by Samy et al. [32].
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3.5. Liquid Chromatography-Diode Array Detector-Quadrupole Time-of-Flight Mass Spectrom-
etry (LC-DAD-QToF)

About 25 mg of extract was sonicated in 1.0 mL of methanol for 5 min, followed by
centrifugation for 15 min at 7000 rpm. The clear filtered supernatant solution was used
for analysis.

The liquid chromatographic system was an Agilent Series 1290, and separation was
achieved on an Acquity UPLC™ HSS C18 column (100 mm x 2.1 mm L.D., 1.8 um). The
mobile phase consisted of water with 0.1% formic acid (A) and acetonitrile with 0.1%
formic acid (B) at a flow rate of 0.23 mL/min. Analysis was performed using the follow-
ing gradient elution: 15% B to 40% B in 30 min, then to 100% B in the next 15 min. Each
run was followed by a 5 min wash with 100% B and an equilibration period of 15 min
with 85% A/15% B. Two microliters of the sample were injected. The column tempera-
ture was 40 °C.

The mass spectrometric analysis was performed with a QToF-MS-MS (Model
#G6545B, Agilent Technologies, Santa Clara, CA, USA) equipped with an ESI source with
Jet Stream technology, using the following parameters: drying gas (N2) flow rate, 13
L/min; drying gas temperature, 325 °C; nebulizer pressure, 30 psi; sheath gas tempera-
ture, 300 °C; sheath gas flow, 11 L/min; capillary voltage, 3500 V; nozzle voltage, 0 V;
skimmer, 65 V; Oct RF V, 750 V; and fragmentor voltage, 125 V. All the operations, ac-
quisition of data, and analysis of data were controlled using Agilent MassHunter Acqui-
sition Software ver. A.10.1 and processed with MassHunter Qualitative Analysis soft-
ware ver. B.07.00. Each sample was analyzed in positive and negative modes over the
range of m/z 50-1700 and an extended dynamic range. Accurate mass measurements
were obtained by employing ion correction techniques using reference masses at m/z
121.0509 (protonated purine) and 922.0098 (protonated hexakis [1H, 1H,
3H-tetrafluoropropoxy] phosphazine or HP-921) in positive ion mode, while m/z 112.9856
(deprotonated trifluoroacetic acid-TFA) and 1033.9881 (TFA adducted HP-921) were
used in negative ion mode. Samples were analyzed in all-ion M5-MS mode, where ex-
periment 1 was carried out with a collision energy of zero and experiment 2 with a fixed
collision energy of 45 eV.

4. Conclusions

Ten compounds were isolated from the ethyl acetate fraction of A. heptapotamica, in-
cluding four flavonoids, four alkyl coumarate, one sesquiterpene lactone, and one phe-
nolic acid. Additionally, chemical characterization of the methanolic extract of A. hepta-
potamica using LC-QToF analysis led to the identification of 43 compounds, of which
sesquiterpene lactones were the major secondary metabolites, followed by flavonoids.
The chemical characterization of the methanolic extract of A. heptapotamica also showed
the presence of the isolated compounds (1-10), which matched with the authentic sam-
ples of A. heptapotamica.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/molecules28072908/s1, Scheme S1: Structures of the isolated
compounds from A. heptapotamica; Figures S1-S27: 'H, 1°C, and DEPT NMR and HR-ESI-MS spectra
of compounds 1-10.
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