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Abstract: Secondary metabolites were isolated using chromatographic techniques after being ex-
tracted sequentially from the roots of Artemisia afra using organic solvents such as ethanol, ethyl
acetate, dichloromethane, and n-hexane. The isolated compounds were evaluated for anti-fungal,
anti-bacterial, and cytotoxicity activities. Spectroscopic techniques, including Nuclear Magnetic
Resonance (NMR), Fourier transform infrared (FTIR), and liquid chromatography–mass spectrome-
try (LC-MS), were used to elucidate the structures of the isolated compounds. The phytochemical
investigation of A. afra led to the isolation of eight (A–H) compounds which were identified as
3β-taraxerol (A), 3β-taraxerol acetate (B), dodecyl-p-coumarate (C), ferulic acid (D), scopoletin (E),
sitosterol-3-O-β-D-glucopyranoside (F), 3,5-di-O-feruloylquinic acid (G) and Isofraxidin-7-O-β-D-
glucopyranoside (H) based on spectroscopic data. Compounds A, B, C, F, G, and H are known
but were isolated for the first time from the roots of A. afra. The isolated compounds and extracts
from A. afra exhibited good anti-fungal and anti-bacterial activity with dichloromethane and ethyl
acetate crude extracts (0.078 mg/mL) and compound E (62.5 µg/mL) showed good activities against
Escherichia coli. Compounds C and F also showed good activity against Enterococcus faecalis with
minimum inhibitory concentration (MIC) values of 62.5 and 31.25 µg/mL, respectively. Extracts and
compounds (A–H) exhibited anti-fungal and anti-bacterial properties and showed no toxicity when
tested on Vero monkey kidney (Vero) cells.

Keywords: Artemisia afra; extractives; anti-bacterial; anti-fungal; cytotoxicity

1. Introduction

Artemisia afra, also known as “African wormwood,” is a member of the Asteraceae
family, and the genus includes between 200 and 400 species. Dry or fresh leaves, young
stems, and the roots of A. afra are used traditionally for the treatment of illnesses such as
intestinal worms, malaria, colic, fever, loss of appetite, and colds. The use of intravenous
lines, catheters, and drains as indwelling medical devices contributes to many bacterial
and fungal infections if not adequately sterilized. These tools allow the germs to enter the
bloodstream by circumventing the mucosal surface’s physical barrier [1]. The World Health
Organization (WHO) reported that Escherichia coli’s resistance rates to ciprofloxacin varied
from 8.4 to 92.9%, and Klebsiella pneumoniae’s resistance rates ranged from 4.1 to 79.4%.
According to the WHO, Staphylococcus aureus’s resistance towards methicillin was 12.11%,
and for E. coli, resistance to third-generation cephalosporins was 36.0%. Drug-resistant
Candida albicans ranked among the critical priority group of fungal pathogens. Even though
there are excellent anti-fungal medications available, invasive candidiasis has a mortality
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rate of 20 to 50%. Depending on the underlying problems, hospital stays can extend up to
two months and commonly last between two and four weeks [2,3]. This makes treating
bacterial and fungal infections more difficult, more likely to fail, necessitating longer
hospital stays and far more expensive treatment options. The prevalence of drug-resistant
diseases, as well as the toxicity of currently available anti-fungal and anti-bacterial drugs,
has raised awareness of natural products’ antimicrobial activity [4].

One of the several Ethiopian herbs used in the treatment of infectious diseases over
the past ten years is Artemisia species, which has been used traditionally in a variety of
populations. The traditional uses include treatment of syphilis, rabies, tonsillitis, cough,
leprosy, and gonorrhea [5]. Fresh roots have been used to treat domestic animals with
epilepsy. Additionally, boiled leaves and milk were reported to alleviate heart troubles,
and leaves mixed with other plants are used for the treatment of malaria [6]. Artemisia
species contain a diverse chemical composition, which include flavonoids, essential oils,
terpenoids, sesquiterpene lactones, coumarins, phenolic acids, caffeoylquinic acids, and
sterols [7,8].

According to previous reports, A. afra has a wide range of microorganism inhibitory
properties [9]. A. afra demonstrated strong pharmacological properties, such as antioxidant,
antimicrobial, spasmolytic action, and cardiovascular protection [10]. A. afra also inhibited
several bacteria, fungi, and protozoa [11]. Six known compounds were isolated (scopo-
letin, acacetin, α-amyrin, phytol, betulinic acid, and 12α, 4α-dihydroxybishopsolicepolide)
from A. afra and were evaluated for their antimicrobial activity against Actinomyces israelii,
Streptococcus mutans, Prevotella intermedia, Aggregatibacter actinomycetemcomitans, Porphy-
romonas gingivalis, and C. albicans. It was established that the isolated compounds showed
activities ranging from 1.0 to 0.25 mg/mL, while the crude extracts’ activities ranged from
1.6 to 25 mg/mL [12]. Isoalantolactone, a sesquiterpenoid from A. afra, was tested against
HeLa cancer cells, and it showed dose-dependent cytotoxicity with a low IC50 value of
8.15 ± 1.16 µM [13]. Artemisinin isolated from A. annua L. reduced the growth of three
bacterial strains (Salmonella sp., S. aureus, and B. subtilis) with a MIC value of 0.09 mg/mL
against all strains [14]. Yomogiartemin and 1α, 4α-dihydroxybishopsolicepolide, two gua-
ianolide sesquiterpene lactones, were previously isolated and were active (IC50 < 10 µg/mL;
~10 µM) against intra-erythrocytic and gametocyte asexual P. falciparum parasites with IC50
values of <10 µg/mL and ~10 µM respectively [15]. Since only a few publications have
been published since 2009 in terms of phytochemical identification in A. afra, this project
focused on the isolation, characterization, and evaluation of the anti-bacterial properties of
secondary metabolites from the roots of the Artemisia afra plant.

2. Results and Discussions
2.1. Isolated Compounds from A. afra

Chromatographic separation of the EtOAc/DCM and EtOH A. afra roots crude extracts
afforded eight known compounds. EtOAc and DCM crude extracts were combined based
on the similarity of their thin-layer chromatography (TLC) profiles. Compounds (A–H) were
identified using detailed spectroscopic analysis and by comparison of their spectroscopic
data with those reported in the literature as 3β-taraxerol (A) [16–18], 3β-taraxerol acetate
(B) [17,19], dodecyl-p-coumarate (C) [20], ferulic acid (D) [21], and scopoletin (E) [22–24], iso-
lated from the EtOAc, DCM extracts and, sitosterol-3-O-β-D-glucopyranoside (F) [24–26], 3,5-
di-O-feruloylquinic acid (G) [27], and isofraxidin-7-O-β-D-glucopyranoside (H) [28], isolated
from the ethanol extracts. Figure 1 below shows the structures of the isolated compounds.
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Figure 1. Structures of compounds isolated from A. afra roots. 

According to Bora and Sharma [7], the genus Artemisia is characterized by terpenoids, 
flavonoids, coumarins, caffeoylquinic acids, sterols, and acetylenes as its major classes of 
phytoconstituents of the genus. In the present study, eight compounds (A-H) were iso-
lated and identified from the roots of A. afra, which were classified as triterpenes (A and 
B), an aryl coumarate (C), a hydroxycinnamic acid (D), coumarins (E and H), a sterol (F), 
and a quinic acid (G). All eight isolated compounds are known; however, six compounds 
(A, B, C, F, G, and H) were isolated for the 1st time from the roots of A. afra. Most of the 
isolated compounds in this research were phenolic compounds, which supports previous 
studies conducted on extracts and/or pure compounds of the Artemisia species, which re-
vealed high phenolic content, antioxidant capacity, and anti-inflammatory activity [29]. 
According to Balasundram et al. [29], the phenolic compounds found in fruits and vege-
tables have a variety of biological properties, including anti-inflammatory, antiathero-
genic, anti-bacterial, antithrombotic, and cardioprotective, but especially antioxidant ac-
tivity. 

2.2. Anti-bacterial, Anti-fungal, and Cytotoxicity Studies of A. afra Crude Extracts and Isolated 
Compounds 

Figure 1. Structures of compounds isolated from A. afra roots (A–H).

According to Bora and Sharma [7], the genus Artemisia is characterized by terpenoids,
flavonoids, coumarins, caffeoylquinic acids, sterols, and acetylenes as its major classes of
phytoconstituents of the genus. In the present study, eight compounds (A–H) were isolated
and identified from the roots of A. afra, which were classified as triterpenes (A and B), an
aryl coumarate (C), a hydroxycinnamic acid (D), coumarins (E and H), a sterol (F), and a
quinic acid (G). All eight isolated compounds are known; however, six compounds (A, B,
C, F, G, and H) were isolated for the 1st time from the roots of A. afra. Most of the isolated
compounds in this research were phenolic compounds, which supports previous studies
conducted on extracts and/or pure compounds of the Artemisia species, which revealed
high phenolic content, antioxidant capacity, and anti-inflammatory activity [29]. According
to Balasundram et al. [29], the phenolic compounds found in fruits and vegetables have a
variety of biological properties, including anti-inflammatory, antiatherogenic, anti-bacterial,
antithrombotic, and cardioprotective, but especially antioxidant activity.

2.2. Anti-Bacterial, Anti-Fungal, and Cytotoxicity Studies of A. afra Crude Extracts and
Isolated Compounds

According to Bora and Sharma [7], a review of the literature revealed that the various
Artemisia species have a wide range of biological activities, including antimalarial, cytotoxic,
antihepatotoxic, anti-bacterial, anti-fungal, and antioxidant activity. Some very important
drug leads have been discovered from this genus, notably artemisinin, the well-known
antimalarial drug isolated from the Chinese herb Artemisia annua [7].

The anti-bacterial, anti-fungal, and cytotoxicity results of Artemisia afra crude extracts
and isolated compounds (A–H) are given in Tables 1 and 2. In this study, the MIC values
of the crude extracts and compounds A, C, D, E, F, G, and H were determined using
a serial dilution method as described by Masoko et al. [30] and Eloff [31]. Values were
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recorded in mg/mL. Compound B was not soluble in both solvents used (acetone and
DMSO); therefore, antimicrobial assays were not achieved for compound B. From the
results obtained (Table 1), the crude extracts showed anti-bacterial activities ranging from
0.078 to 2.5 mg/mL and no activity for other compounds. Sartorrato et al. [32] mentioned
that MIC values of 0.5 or less than 0.5 mg/mL are strong microbial inhibitors; this gives a
clear indication that the EtOAc and DCM crude extract are strong inhibitors of Escherichia
coli with a MIC value of 0.078 mg/mL followed by EtOH crude with a moderate MIC value
of 0.625 mg/mL and the hexane crude showed no activity. All crude extracts showed strong
inhibition against Enterococcus faecalis with an average MIC value of 0.156 mg/mL. Hexane
and EtOH extracts showed moderate activity against Pseudomonas aeruginosa with MIC
values of 1.25 and 2.5 mg/mL, respectively, while the EtOAc and DCM extracts showed no
activity. EtOAc, DCM, and EtOH extracts showed moderate activity against Staphylococcus
aureus and Salmonella Typhimurium with a range of 0.625–1.25 mg/mL, while the hexane
crude showed no activity for the two bacteria strains with a MIC value above 250 mg/mL.
All the crude extracts showed moderate fungal activity against C. albicans, with a range of
0.625 to 1.25 mg/mL. The cytotoxicity study of the crude extracts as a mixture of different
compounds has shown to be non-toxic with LC50 values ranging from 50 to 380 µg/mL. A
crude extract of a medicinal plant is deemed safe according to standards set by the National
Cancer Institute (NCI) Plant Screening Program if in vitro cytotoxicity experiments shows
an IC50 value greater than 20 g/mL after 48–72 h of incubation [33].

Table 1. Minimum inhibitory concentration (MIC) and cytotoxicity studies (against Vero cells) of
crude extracts. The selectivity index is given in the brackets. Values in bold show a good selectivity
index value. Values are given in mg/mL.

Crude Extracts E. coli E. faecalis P. aeruginosa S. aureus S. Typhimurium C. albicans LC50

HEX >2.50
(<0.152) 0.156 (2.42) 1.25 (0.304) >2.50

(<0.152) >2.50 (<0.152) 0.625 (0.61) 0.38

EA & DCM 0.078 (0.641) 0.156 (0.321) >2.5 (<0.02) 1.25 (0.04) 0.625 (0.08) 0.625 (0.08) 0.05
ETOH 0.625 (0.192) 0.156 (0.77) 2.5 (0.048) 0.625 (0.192) 0.625 (0.192) 1.25 (0.096) 0.12

Gentamicin 0.02 0.02 0.02 0.02 0.02 - -
Amphotericin-B - - - - - 0.02 -

Doxorubicin - - - - - - 0.01

Gentamicin: Positive control, Amphotericin-B: Positive control, Doxorubicin (Pfizer): Positive control, (-): Not
determined.

Screening of isolated compounds against selected bacterial and fungal strains (Table 2)
showed selective anti-bacterial and anti-fungal activity ranging from 31.25–250 µg/mL,
with others showing no activity. Taraxerol (A), scopoletin (E), and isofraxidin-7-O-β-D-
glucopyranoside (H) showed activity against Escherichia coli with scopoletin isolated from
the EtOAc and DCM crude showing the highest MIC value of 62.5 µg/mL. Dodecyl-p-
coumarate (C), scopoletin, and sitosterol-3-O-β-D-glucopyranoside (F) also showed strong
to moderate activity against Enterococcus faecalis with sitosterol-3-O-β-D-glucopyranoside
from the EtOH crude showing the lowest MIC value of 31.25 µg/mL. Compounds A,
D, E, and H showed activity against Staphylococcus aureus at their highest concentrations
(250 µg/mL). Taraxerol, scopoletin, and isofraxidin-7-O-β-D-glucopyranoside showed
moderate activity against S. Typhimurium, with scopoletin showing the highest activity
with a MIC value of 125 µg/mL. All the compounds showed no activity against the Gram-
negative Pseudomonas aeruginosa at their highest concentration (250 µg/mL), showing that
this bacterium is resistant to the isolated compounds. All isolated compounds also showed
anti-fungal activity against C. albicans at their highest concentrations (250 µg/mL) except
for compound G, which showed no activity against all bacterial and fungal strains selected.
The cytotoxicity study of the isolated compounds demonstrated that they were non-toxic
with LC50 values above 200 µg/mL.
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Table 2. Minimum inhibitory concentration (MIC) and cytotoxicity studies of isolated compounds.
Values are given in µg/mL. The selectivity index is given in the brackets. Values in bold show
a good selectivity index value. Gentamicin: Positive control; Amphotericin-B: Positive control;
(-): Not determined.

Isolated Compounds E. coli E. faecalis P. aeruginosa S. aureus S. Typhimurium C. albicans LC50

3β-Taraxerol 250 (>0.8) >250 (<0.8) >250 (<0.8) 250 (>0.8) 250 (>0.8) 250 (>0.8) >200
Dodecyl-p-coumarate >250 (<0.8) 62.5 (>3.2) >250 (<0.8) >250 (<0.8) >250 (<0.8) 250 (>0.8) >200

Ferulic acid >250 (<0.8) >250 (<0.8) >250 (<0.8) 250 (>0.8) >250 (<0.8) 250 (>0.8) >200
Scopoletin 62.5 (>3.2) 250 (0.8) >250 (<0.8) 250 (>0.8) 125 (>1.6) 250 (>0.8) >200

3,5-Di-O-feruloylquinic
acid >250 (>0.8) >250 (>0.8) >250 (>0.8) >250 (>0.8) >250 (>0.8) >250 (>0.8) >200

Sitosterol-3-O-β-D-
glucopyranoside >250 (<0.8) 31.25 (>6.4) >250 (<0.8) >250 (<0.8) >250 (<0.8) 250 (>0.8) >200

Isofraxidin-7-O-β-D-
glucopyranoside 250 (>0.8) >250 (<0.8) >250 (<0.8) 250 (0.8) 250 (>0.8) 250 (>0.8) >200

Gentamicin 3.9 3.9 3.9 3.9 3.9 - -
Amphotericin-B - - - - - 3.9 -

Doxorubicin - - - - - - 0.01

Gentamicin: Positive control; Amphotericin-B: Positive control; Doxorubicin (Pfizer): Positive control; (-): Not
determined.

The selectivity index (SI) is a value that shows the selective toxicity of an extract or
compound to the tested microbes compared to mammalian cells. The higher the SI value,
the safer the extract/compound [34]. Therefore, a SI value greater than 1 shows that tested
samples are less toxic to normal mammalian cells than to the pathogen. In the present
study, the hexane crude extract had the best SI of 2 against E. faecalis. Of the compounds
tested, sitosterol-3-O-β-D-glucopyranoside had the best SI of more than 6 against E. faecalis,
while scopoletin, with an SI of 3, was best against E. coli. Both compounds are potential
candidates for further evaluation of their therapeutic potential against pathogens. It may
also be worthwhile to investigate if the most active compounds will have synergistic activity
against microbes.

The MIC values of 3β-taraxerol (A) in this study were above 250 µg/mL, indicating that
this compound’s antimicrobial activity was negligible against the tested microorganisms.
However, from previous studies, taraxerol was found to have antimicrobial activity against
S. aureus (18.37–23.63 mm inhibition zone), P. aeruginosa (18.23–21.30 mm inhibition zone),
and no activity against C. albicans [35]. Koay et al. [36] investigated the minimum inhibitory
concentrations (MICs) of taraxerol on several bacteria and found that the compound is
active against Gram-positive Bacillus subtilis and Staphylococcus aureus at a concentration
of 15.6 µg/mL but is only moderately inhibitive to the Gram-negative Escherichia coli,
Klebsiella pneumoniae, and Salmonella Typhimurium at a concentration of 62.5 µg/mL. The
antimicrobial activity of taraxerol is comparable to that of positive control gentamicin [37].
In an earlier study, taraxerol at a concentration of 1 mg/disc exhibited weak anti-fungal
activities against four types of fungi, namely Aspergillus niger, Aspergillus flavus, Rhizoctonia
phaseoli, and Penicillium chrysogenum [38]. Taraxerol was particularly effective against
several species of Trichophyton, for instance, T. rubrum and T. mentagrophytes, with a MIC
value of 12.5 µg/mL, as well as Candida albicans (MIC = 25 µg/mL) and Aspergillus niger at
100 µg/mL [39,40]. Singh et al. [41] observed that 1 mg of taraxerol compound exhibited
moderate antimicrobial activity against two Gram-positive (Staphylococcus aureus and
Bacillus thuringiensis) and three Gram-negative bacteria (Escherichia coli, Enterobacter cloacae,
and Klebsiella pneumoniae) [41]. The cytotoxicity study of taraxerol on Vero cells was
above 200 µg/mL. Taraxerol in previous studies showed cytotoxicity towards the A431
squamous carcinoma cell line at 2.65 µg/mL, even though it was found to be inactive
against HeLa, MCF-7, and MRC-5 cancer cell lines. While taraxerol cytotoxicity exhibited
low activity compared to the positive control, doxorubicin, the activity is comparable to
that of cisplatin [40,42]. Microbial studies were not conducted on compound (B) as it
was not soluble in acetone and DMSO; however, previous research found that the COX-
1 and COX-2 enzymes were significantly inhibited by 3β-taraxerol acetate (IC50: 116.3
+/− 0.03 µM and IC50: 94.7 +/− 0.02 µM, respectively) when using an in vitro enzyme
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inhibition assay [43]. Cyclooxygenase inhibitors are one of the main classes of therapeutic
agents for the management of inflammation [44]. Taraxerol acetate was also found to have
gastroprotective effects [45], anticancer [46], antiviral [47], antiulcer [48], anti-inflammatory,
antimicrobial [41], anti-leukemic activity [49], and antipyretic effects [38].

Dodecyl-p-coumarate (C) in this study showed good activity against E. faecalis with
a MIC value of 62.5 mg/mL. This compound showed no activity against other tested
microbes and insignificant activity with C. albicans. From previous studies, compound
C showed inhibition of mycelium growth of two pathogens, Botrytis cinerea and Sclero-
tinia sclerotiorum [50]. Dodecyl-p-coumarate also displayed high leishmanicidal activity
(16.34 ± 0.49, Leishmania braziliensis amastigotes, EC50 µg/mL), likely due to their relatively
high lipophilicity and antiplasmodial activity (81.19 ± 8.54 Plasmodium falciparum, EC50
µg/mL) [51]. According to cytotoxicity research, this compound had a minimal toxic effect
on HEK295 but reduced the viability of MCF-7 tumor cells by at least 23% at concentrations
of 1 µg/mL and 15% at a concentration of 5 µg/mL for Caco-2 tumor cells [52].

Ferulic acid (D) is found in Chinese medicinal herbs such as Ligusticum chuangxiong,
Cimicifuga heracleifolia, and Angelica sinensis. Ferulic acid showed insignificant activity
against all tested microbes with a MIC value equal to 250 µg/mL and above. Ferulic acid is
used in cosmetic and food industries due to its low toxicity and biological processes as the
raw material to produce vanillin and preservatives [53,54]. It was found that ferulic acid
had antimicrobial activity with a MIC value of 100 µg/mL for both E. coli and P. aeruginosa
and 1100 µg/mL and 1250 µg/mL for S. aureus and L. monocytogenes, respectively [55].
Ferulic acid from Indonesian purple rice showed biological function as an antimicrobial
agent through toll-like receptor signaling [56]. Compound D was also reported to have
anticancer effects [57].

Scopoletin (E) is a significant phytoalexin that has been identified from numerous
plants and classified as a phenolic coumarin [58]. The compound and the plants that
produce it have been used to treat symptoms and disorders, including inflammation,
convulsions, leprosy, and rheumatic pains [59–61]. Scopoletin, in this study, showed
activity against S. Typhimurium (125 µg/mL) and E. coli (62.5 µg/mL) and was not active
against other selected microbes, including C. albicans. Buathong et al. [62] reported that
scopoletin showed high anti-bacterial activity and can inhibit both Gram-positive bacteria,
such as Staphylococcus aureus ATCC 43300 and Enterococcus faecium UCLA 192, with a
minimum inhibitory concentration (MIC) value of 128 µg/mL, and Gram-negative bacteria
Stenotrophomonas maltophila DMST 19079 with a MIC value of 256 µg/mL. The literature
review of the pharmacological properties of scopoletin revealed that scopoletin possesses
antimicrobial activity, antioxidant activity, immunomodulatory and anti-inflammatory
activity, antimetabolic disorder, and neuroprotective activity [63]. Scopoletin isolated from
Artemisia afra was reported to cause a strong transformation of the DPPH radical into its
reduced form, with an IC50 value of 1.24 µg/mL that was comparable to that of vitamin C
(1.22 µg/mL), and it was ineffective against Candida albicans [12]. Mogana et al. [64] also
reported that the EC50 of scopoletin for scavenging DPPH and ABTS free radicals were
647.89 ± 0.07 µM and 191.51 ± 0.01 µM, respectively.

Sitosterol-3-O-β-D-glucopyranoside (F), in this study, showed good activity against
Enterococcus faecalis (MIC 31.25 µg/mL) and was not active with all other tested microbes.
Nevertheless, according to Subramaniam et al. [65], this compound had acceptable activity
against S. dysenteriae, P. aeruginosa, and E. faecalis with MIC values of 12, 10, and 15 g/mL, re-
spectively [66]. Njinga et al. [67] reported that sitosterol-3-O-β-D-glucopyranoside isolated
from Lannea kerstingii showed a wide spectrum of anti-bacterial and anti-fungal activity at
a concentration of 200µg/mL against S. aureus, methicillin-resistant Staphylococcus aureus
(MRSA), Proteus mirabilis, S. typhi, K. pneumoniae, E. coli, Bacillus subtilis and was also active
against the fungi C. albicans and C. tropicalis. Regarding anticancer activity, compound (F)
was found to exhibit cytotoxic effects against HepG2 and Huh7 cells but not against normal
human primary fibroblasts. Compound (F) was able to inhibit the proliferation of HepG2
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and Huh7 cells in a dose-dependent manner with half-maximal inhibitory concentration
(IC50) values of 4.64 ± 0.48 µg/mL and 5.25 ± 0.14 µg/mL, respectively (p < 0.01) [66].

Compound (G), 3, 5-di-O-feruloylquinic acid, was reported for the first time from
the roots of Artemisia afra. This compound’s antimicrobial study of the selected strains is
reported for the first time. However, no activity was observed against all tested microor-
ganisms with MIC values > 250 µg/mL.

Isofraxidin-7-O-β-D-glucopyranoside (H), also known as calycanthoside, a known
glucoside of isofraxidin classified as a coumarin and reported for the first time from the
roots of A. afra, showed insignificant activity against all tested microorganisms with a
MIC of 250 µg/mL and exceeding. Yuan et al. [68] also tested the anti-bacterial effect of
calycanthoside against Staphylococcus aureus by filter paper slice method, and no activity
was observed. However, isofraxidin-7-O-β-D-glucopyranoside isolated from Artemisia
selengensis showed 14% inhibitory activity against IL-6 production in TNF-α stimulated
MG-63 cells [28].

3. Materials and Methods

The sequential extraction method was carried out using ethanol (EtOH), ethyl acetate
(EtOAc), dichloromethane (DCM), and hexane. Column chromatography (CC) over silica
gel (Kieselgel 60 GF254, 15 µm, Merck, Germany) was used for fractional, elution, and
separation of compounds from crude extracts. Thin layer chromatography (aluminum
sheets covered with silica gel 60 F254 from Merck) was used for the analysis of compound
profiles and determination of Rf (retention factor) values. Ultra-violet (UV) light at 254 nm
and 365 nm was used to identify ultra-violet active constituents. The TLC plates were
stained using p-anisaldehyde and sulphuric reagent and heated to about 100◦C for two
minutes to identify non-UV compounds.

The melting point values were determined using an Ernst Leitz Wetziar micro-hot
stage and were reported in degrees Celsius. Perkin Elmer version 10.5.4 was used for
FTIR analysis, and samples were evaluated as function groups in their natural state, with
absorption bands quantified in cm−1.

The Jasco P-2000 polarimeter was used to carry out the specified optical rotation,
[α]D (JASCO, Tokyo, Japan). The polarimeter was calibrated using a D-glucose solution
of 10 g/100 mL at mercury green line λ = 546 nm at 22.0 ◦C. Both Chloroform (CHCl3)
and dimethyl sulfoxide (DMSO) were used to dissolve between 1 and 10 mg of the pure
compound, and optical rotation in both the clockwise and counterclockwise directions
was measured while the temperature ranged between 22 and 25 ◦C. Six analyses were
conducted, and the average optical rotation, measured in [(0). mL dm−1 g−1] degree
milliliters per decimeter grams, was reported.

To identify the molecular ion of the compounds, HR-ESI-MS (high-resolution electron
spray ionization mass spectroscopy) investigations were performed on a Bruker Daltonics
Compact QTOF mass spectrometer (Milford, CT, USA) in positive mode using an electro-
spray ionization probe. The spectrometer was connected to a thermal scientific ultimate
3000 Dionex UHPLC system, which included an HPG-3400 RS Pump, a WPS-3000 RS
Auto Sampler, and a DAD-3000 RS detector. The 5 min run was attained using an Acclaim
RSLC 120 C18, 2.2 µm, 2.1 × 100 mm (P/N 068982) column at 40 ◦C, and a flow rate
of 0.2 mL/min. The solvent system employed was Water-Acetonitrile (10:90, v/v), each
solvent containing 0.1% of formic acid.

The one-dimension (1D) and two-dimension (2D) NMR spectra were acquired by
400 MHz (100.6 MHz for 13C NMR) Bruker Avance III HD and Varian spectrometers. The
spectra were recorded at 25 ◦C, and the chemical shifts (δ) were calculated in parts per
million (ppm) and compared to the internal solvent shift of tetramethyl silane (TMS).
The chemical shifts were measured in ppm relation to residual chloroform (δ 7.26 and
δ 76.29 ppm), methanol (δ 3.30, 4.82 and δ 48.02 ppm) and dimethyl sulfoxide (δ 2.48 and
δ 39.53 ppm). Coupling constants were recorded in hertz (Hz). Deuterated chloroform
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(CDCl3), deuterated methanol (CD3OH), and deuterated dimethyl sulfoxide solvents, all
purchased from Sigma-Aldrich, Kempton park, RSA, were used to dissolve the NMR samples.

3.1. Collection and Identification

Artemisia afra plants (Figure 2) were purchased from Grow Wild in November 2018,
and a voucher specimen (Voucher number: 19034) was sent and identified at the South
African National Biodiversity Institute (SANBI) Pretoria as Artemisia afra Jacq. ex Willd.

Plants 2023, 12, x FOR PEER REVIEW 8 of 16 
 

 

To identify the molecular ion of the compounds, HR-ESI-MS (high-resolution elec-
tron spray ionization mass spectroscopy) investigations were performed on a Bruker Dal-
tonics Compact QTOF mass spectrometer (Milford, CT, USA) in positive mode using an 
electrospray ionization probe. The spectrometer was connected to a thermal scientific ul-
timate 3000 Dionex UHPLC system, which included an HPG-3400 RS Pump, a WPS-3000 
RS Auto Sampler, and a DAD-3000 RS detector. The 5 min run was attained using an Ac-
claim RSLC 120 C18, 2.2 µm, 2.1 × 100 mm (P/N 068982) column at 40 °C, and a flow rate 
of 0.2 mL/min. The solvent system employed was Water-Acetonitrile (10:90, v/v), each sol-
vent containing 0.1% of formic acid. 

The one-dimension (1D) and two-dimension (2D) NMR spectra were acquired by 400 
MHz (100.6 MHz for 13C NMR) Bruker Avance III HD and Varian spectrometers. The spec-
tra were recorded at 25 °C, and the chemical shifts (δ) were calculated in parts per million 
(ppm) and compared to the internal solvent shift of tetramethyl silane (TMS). The chemi-
cal shifts were measured in ppm relation to residual chloroform (δ 7.26 and δ 76.29 ppm), 
methanol (δ 3.30, 4.82 and δ 48.02 ppm) and dimethyl sulfoxide (δ 2.48 and δ 39.53 ppm). 
Coupling constants were recorded in hertz (Hz). Deuterated chloroform (CDCl3), deuter-
ated methanol (CD3OH), and deuterated dimethyl sulfoxide solvents, all purchased from 
Sigma-Aldrich, Kempton park, RSA, were used to dissolve the NMR samples. 

3.1. Collection and Identification 
Artemisia afra plants (Figure 2) were purchased from Grow Wild in November 2018, 

and a voucher specimen (Voucher number: 19034) was sent and identified at the South 
African National Biodiversity Institute (SANBI) Pretoria as Artemisia afra Jacq. ex Willd. 

 
Figure 2. Artemisia afra plants. 

3.2. Sample Preparation and Extraction 
Artemisia afra roots were cut into small pieces and air-dried. Before extraction, the 

dried plant material was ground into powder using a laboratory ball mill (MM200, Retsch, 
Germany) and the powder was stored at room temperature in tight plastic bags away from 
sunlight. The roots ground material (3.79 kg) was sequentially extracted in five litres of 
organic solvents: hexane, dichloromethane, ethyl acetate, and ethanol at 100% each, re-
spectively, using a shaker (HS 501 digital, IKA-Werke) for 4 days per solvent. The extrac-
tives were filtered using Whatman No. 1 filter paper and evaporated at low pressure at 
approximately 40 °C using a rotavapor. After that, the concentrated crude extracts were 
dried, weighed, and refrigerated until fractionation. 

3.3. Fractionation and Purification of Crude Extracts 
3.3.1. Fractionation and Purification of DCM/Ethyl Acetate Crude Extracts 

The DCM and EtOAc crude extracts were combined based on the similarity of their 
TLC profile and fractionated using column chromatography (CC) on 60-120 mesh silica 
gels (800 g) packed with hexane. A total amount of 15 g of the combined DCM and EtOAc 

Figure 2. Artemisia afra plants.

3.2. Sample Preparation and Extraction

Artemisia afra roots were cut into small pieces and air-dried. Before extraction, the
dried plant material was ground into powder using a laboratory ball mill (MM200, Retsch,
Germany) and the powder was stored at room temperature in tight plastic bags away
from sunlight. The roots ground material (3.79 kg) was sequentially extracted in five litres
of organic solvents: hexane, dichloromethane, ethyl acetate, and ethanol at 100% each,
respectively, using a shaker (HS 501 digital, IKA-Werke, Staufen, Germany) for 4 days per
solvent. The extractives were filtered using Whatman No. 1 filter paper and evaporated at
low pressure at approximately 40 ◦C using a rotavapor. After that, the concentrated crude
extracts were dried, weighed, and refrigerated until fractionation.

3.3. Fractionation and Purification of Crude Extracts
3.3.1. Fractionation and Purification of DCM/Ethyl Acetate Crude Extracts

The DCM and EtOAc crude extracts were combined based on the similarity of their
TLC profile and fractionated using column chromatography (CC) on 60-120 mesh silica
gels (800 g) packed with hexane. A total amount of 15 g of the combined DCM and
EtOAc crude extracts was made into a free-flowing powder using 30 g of silica gel and was
subsequently loaded onto an already packed column and eluted using solvent mobile phase
with increasing step gradient of DCM in n-hexane (0–100%) of increasing concentration.
A total of 217 fractions of 80 mL portions were collected. The fractions were spotted
on a TLC plate, developed, and examined for UV active compounds at 254 and 365 nm
wavelengths. To observe non-UV active compounds, the TLC plate was stained with a
p-anisaldehyde/sulphuric acid spray reagent and heated to about 100 ◦C for two minutes.
About 217 fractions were collected, and similar fractions observed from the TLC were
combined to form six (6) sub-fractions labeled A-R (A, BCD, EF, I, L, and NOPQR). The
fractions were purified further based on their TLC profiles. Further purification of fraction
BCD (1916.1 mg) was carried out with elution achieved using 80:20 Hex: DCM, to obtain a
colourless crystalline 3β-Taraxerol (A), 205.21 mg, 30:70 Hex: DCM to obtain a colourless
crystalline 3β-Taraxerol acetate (B), 56.0 mg and 20:80 Hex: DCM to obtain a cream white
powder Dodecyl-p- coumarate (C), 62.3 mg. Fraction L (238.4 mg) was further purified
using column chromatography and elution was achieved using 100% CHCl3, to obtain
a colourless crystalline Ferulic acid (D), 18.6 mg. Fraction NOPQRS (1500.7 mg) was
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further purified using column chromatography and elution achieved using 10:90 EtOAc:
DCM, followed by 5:95 EtOAc: DCM (TLC prep) to obtain a yellow crystalline Scopoletin
(E), 29.2 mg. Hexane and 60-120 mesh silica gels were used to pack the column for all
purifications (stationary phase).

3.3.2. Fractionation and Purification of Ethanol Crude Extract

Column chromatography was packed as described in Section 3.3.1, similar to that
of the DCM and EtOAc crude. A total amount of 20 g of ethanol extract was introduced
onto a packed column for elution. Fractions were collected using different solvent systems
of increasing polarity. This yielded a total of 156 fractions of 80 mL, each labeled (1-207).
Fractions that had similar compounds were combined into 6 main fractions labeled EtOH
5-8, EtOH 17-19, EtOH 28-31, EtOH 45-108, EtOH 121-134, and EtOH 148-156, respectively.
Fraction EtOH 45-108 (56.14 mg) was further purified using column chromatography and
elution achieved using 90:10 EtOAc: MeOH, to obtain green solids, 3,5-di-O-feruloylquinic
acid (F), 19.6 mg. Fractions EtOH 121-134 upon drying formed layers that were further
separated by washing off impurities with DCM and EtOAc. This yielded white powder,
compound (G), 44.40 mg. Fraction EtOH 148-156 upon drying formed layers that were
further separated by washing off impurities with CHCl3. This yielded pale brown powder,
compound (H), 61.512 mg.

Repeated CC of A. afra (ethyl acetate, dichloromethane, and ethanol extracts) led to the
isolation of 8 pure compounds (A–H), 3β-Taraxerol (A), 3β-Taraxerol acetate (B), Dodecyl-
p-coumarate (C), Ferulic acid (D), Scopoletin (E), sitosterol-3-O-β-D-glucopyranoside (F),
3,5-di-O-feruloylquinic acid (G) and Isofraxidin-7-O-β-D-glucopyranoside (H).

3.4. Spectral Data of Isolated Compounds
3.4.1. Compound A: 3β-Taraxerol

Colourless needle-like crystals (56.0 mg), Rf: 0.75 (n-hexane–EtOAc, 80:20), melting
Point: 284–286 ◦C, [α]D

20 = +14.2◦, c = 0.25 in CHCl3, HR-EI-MS [M + H]+: found m/z
427.8067 for C30H50O (calcd 426.7174), C30H50O, IR (KBr) Cm–1: 3490 (O-H), 3056, 1038,
996.9 (=C-H), 2920 and 2852, (aliphatic C-H) and 1446 (C=C). 1H NMR (400 MHz, CDCl3):
0.78 (1H, m, H-5), 0.83 (3H, s, H-24), 0.85 (3H, s, H-28), 0.92 (3H, s, H-30), 0.92 (1H, m, H-1),
0.94 (3H, s, H-27), 0.95 (1H, m, H-18), 0.95 (3H, s, H-25), 0.97 (1H, m, H-19), 0.97 (3H, s,
H-29), 1.00 (3H, s, H-23), 1.02 (1H, m, H-22), 1.11 (3H, s, H-26), 1.25 (1H, m, H-21), 1.30
(1H, m, H-19), 1.31 (1H, m, H-21), 1.36 (1H, m, H-7), 1.38 (1H, m, H-22), 1.44 (1H, m, H-9),
1.45 (1H, m, H-11), 1.52 (1H, m, H-6), 1.56 (1H, m, H-12), 1.61 (2H, m, H-2), 1.63 (1H, m,
H-1), 1.64 (1H, m, H-12), 1.66 (1H, m, H-16), 1.67 (1H, m, H-6), 1.70 (1H, m, H-11), 1.97 (1H,
dd, J = 14.7, 3.2 Hz, H-16), 2.03 (1H, dt, J = 12.5, 3.0 Hz, H-7), 3.20 (1H, dd, J = 11.1, 4.8 Hz,
H-3), 5.55 (1H, dd, J = 8.2, 3.2 Hz, H-15); 13C NMR (100.6 MHz, CDCl3): 15.4 (C-25), 15.5
(C-24), 17.5 (C-11), 18.8 (C-6), 21.3 (C-30), 25.9 (C-26), 27.2 (C-2), 28.0 (C-23), 28.8 (C-20), 29.8
(C-28), 29.9 (C-27), 33.1 (C-21), 33.4 (C-29), 33.7 (C-12), 35.1 (C-22), 35.8 (C-17), 36.7 (C-19),
37.6 (C-13), 37.7 (C-1), 37.7 (C-16), 38.0 (C-10), 38.8 (C-4), 39.0 (C-8), 41.3 (C-7), 49.3 (C-9),
48.8 (C-18), 55.5 (C-5), 79.1 (C-3), 116.9 (C-15), 158.1 (C-14). Supplementary data (Figures
SA.1–SA.9).

3.4.2. Compound B: 3β-Taraxerol Acetate

Colourless needle-like crystal (217.26 mg), Rf: 0.97 (n-hexane–EtOAc, 80:20), melting
Point: 303–305 ◦C, [α]D

20 = +62.7◦, c = 0.23 in CHCl3, HR-EI-MS [M + H]: found m/z
469.8088 for C32H52O2 (calcd 468.7541), IR (KBr) cm–1: 3056, 1029.4, 991 (=C-H), 2938, 2870,
1475, 1375 (Aliphatic C-H), 1726.6 (C=O) and 1446 (C=C). 1H NMR (400 MHz, CDCl3):
δH 0.85 (3H, s, H-28), 0.88 (3H, s, H-23), 0.92 (3H, s, H-27), 0.92 (3H, s, H-30), 0.92 (1H,
m, H-5), 0.93 (1H, m, H-18), 0.97 (3H, s, H-25), 0.97 (3H, s, H-24), 0.97 (3H, s, H-29), 1.02
(1H, m, H-21), 1.06 (1H, m, H-22), 1.10 (1H, m, H-22), 1.11 (3H, s, H-26), 1.25 (1H, m, H-7),
1.92 (1H, m, H-1), 1.97 (1H, m, H-1), 1.30 (1H, m, H-12), 1.34 (1H, m, H-12), 1.36 (1H, m,
H-7), 1.38 (1H, m, H-19), 1.42 (1H, m, H-19), 1.42 (1H, m, H-21), 1.47 (1H, m, H-9), 1.47



Plants 2023, 12, 3369 10 of 15

(1H, m, H-11), 1.61 (1H, m, H-6), 1.64 (1H, m, H-16), 1.64 (2H, m, H-2), 1.66 (1H, m, H-6),
1.67 (1H, m, H-11), 1.67 (1H, m, H-16), 2.06 (3H, s, CH3 COO), 4.47 (1H, dd, J = 10.2, 5. 6
Hz, H-3), 5.55 (1H, dd, J = 7.6, 2.4 Hz, H-15); 13C NMR (100.6 MHz, CDCl3): 15.5 (C-25),
16.6 (C-24), 17.5 (C-11), 18.7 (C-6), 21.3 (CH3 COO), 21.3 (C-30), 23.5 (C-2), 25.9 (C-26), 28.0
(C-23), 28.8 (C-20), 29.8 (C-28), 29.9 (C-27), 33.1 (C-7), 33.4 (C-29), 33.7 (C-16), 35.1 (C-21),
35.8 (C-17), 36.7 (C-12), 37.4 (C-22), 37.4 (C-10), 37.7 (C-1), 37.6 (C-13), 37.9 (C-4), 39.0 (C-8),
41.2 (C-19), 48.8 (C-18), 49.2 (C-9), 55.6 (C-5), 81.0 (C-3), 117.0 (C-15), 158.0 (C-14), 170.9
(COO). Supplementary data (Figures SB.10–SB.18).

3.4.3. Compound C: Dodecyl-p-coumarate

Cream white powder (62.3 mg), Rf: 0.95 (n-hexane–EtOAc, 20:80), melting Point:
74–76 ◦C, [α]D

20 = +14.2◦, c = 0.56 in CHCl3, HR-EI-MS [M + H]: found m/z 333.6103 for
C21H32O3 (calcd 332.4770), IR (KBr) cm–1: 3385.1 (OH stretch), 2922-2847 (C-H) 1677 (C=O),
and 1606 & 1516 (Aromatic CH=CH). 1H–NMR (CDCl3, 300 MHz): δ 7.63 (1H, d, J = 15.9
Hz, H–3), 7.43 (2H, d, J = 8.4 Hz, H–5,9), 6.87 (2H, d, J = 8.4 Hz, H–6,8), 6.34 (1H, d, J = 15.9
Hz, H–2), 4.22 (2H, t, J = 6.6 Hz, H–1′), 1.72 (2H, m, H–2′), 1.41–1.28 (18H, br s, H–3′-H–11′),
0.91 (3H, t, J = 6.5 Hz, H–12′); 13C–NMR (CDCl3, 75 MHz); δ 168.0 (C–1), 158.0 (C–7),
144.6 (C–3), 130.0 (C–5,9), 127.0 (C–4), 115.5 (C–2), 115.9 (C–6,8), 64.8 (C–1′), 32.0 (C–10′),
29.72–26.0 (29.72, 29.68, 29.62, 29.56, 29.38, 29.32, 28.8, 26.0) (C–2′–C–9′), 22.7 (C–11′), 14.1
(C–12′). Supplementary data (Figures SC.19–SC.27).

3.4.4. Compound D: Ferulic Acid

White crystals (18.6 mg), Rf: 0.45 (CDCl3: methanol 96:4), melting point: 169-171 ◦C,
[α]D

21 = −183.9◦, c = 0.070 in CHCl3, HR-EI-MS [M + H]: found m/z 195.1823 for C10H10O4
(calcd 194.1840), IR (KBr) cm–1: 3333.8 (carboxylic acid OH stretch), 2946.8 & 2937.5 and
1611.4 (CH=CH), and 1614.4 & 1511 (Aromatic CH=CH). 1HNMR (400 MHz, CDCl3, J in
Hz) δ 3.95 (3H, s, H-6′), 6.34 (1H, d, J = 15.9 Hz, H-2), 6.88 (1H, d, J = 8.2 Hz, H-5), 7.16 (1H,
s, H-8), 7.60 (1H, d, J = 15.9 Hz, H-3), 7.43 (1H, d, J = 15 Hz, H-9); 13CNMR (100.6 MHz,
CDCl3) δ: 56.0 (C-6′), 110.5 (C-5), 113.0 (C-8), 115.9 (C-2), 121.8 (C-9), 128.1 (C-4), 144.7 (C-3),
145.9 (C-7), 148.5 (C-6), 167.7 (C-1). Supplementary data (Figures SD.28–SD.36).

3.4.5. Compound E: Scopoletin

Yellow crystals (40.037 mg), Rf: 0.55 (100% CDCl3), melting point: 204-207 ◦C, [α]D
20

= +48.9◦, c = 0.22 in CHCl3, HR-EI-MS [M + H]: found m/z 193.1408 for C10H8O4 (calcd
192.1681), IR (KBr) cm–1: 3333.8 (OH), 2991 & 2949.7 (C-H) 1703 (C=O) and 1611.4 (CH=CH),
1564.1 and 1514 benzene ring and 861.0. 1H NMR (400 MHz CDCl3): δ 3.88 (3H, s, OCH3-7),
6.19 (1H, s-OH-6), 6.28 (1H, d, J = 9.5 Hz, H-3), 6.87 (1H, s, H-5), and 7.60 (1H, d, J = 9.5 Hz,
H-4); 13C NMR (100.6 MHz, CDCl3) δ 56.4 (O-CH3), 103.2 (C-8), 107.4 (C-5), 111.5 (C-4′),
113.4 (C-3), 143.4 (C-4), 144.0 (C-6), 149.7 (C-7), 150.3 (C-8′), and 161.5 (C-2). Supplementary
data (Figures SE.37–SE.45).

3.4.6. Compound F: Sitosterol-3-O-β-D-glucopyranoside

Solid (19.602 mg), melting point: 283-286 ◦C, [α]D
20 = −1274.6◦, c = 0.20 in DMSO,

HR-EI-MS [M + H–H2O C6H12O6] +: found m/z 399.0710 C35H60O6 (calcd 576.8473), FT-IR
(cm−1) at 3370- OH stretch, 2934, 2870, 1659, 1456, (-CH (CH3) 2)-1377, secondary alcohol
(C-OH)–1054. 1H NMR (400 MHz, DMSO-d6): δ 0.63 (3H, s, H-18), 0.79 (3H, d, J = 7.2 Hz,
H-26), 0.80 (3H, t, J = 7 Hz, H-29), 0.88 (1H, m, H-9), 0.88 (3H, d, J = 6.4 Hz, H-21), 0.89 (1H,
m, H-24), 0.94 (1H, m, H-1), 0.94 (3H, s, H-19), 0.97 (3H, d, J = 6.8 Hz, H-27), 0.99 (1H, m,
H-15), 1.06 (lH, m, H-14), 1.08 (lH, m, H-17), 1.12-1.14 (2H, m, H-23), 1.19 (2H, m, H-28),
1.21 (2H, m, H-2, H-20), 1.23 (2H, m, H-16, H-22), 1.32 (1H, m, H-22), 1.37 (1H, m, H-8), 1.40
(1H, m, H-7), 1.45 (1H, m, H-22), 1.48 (2H, H-11), 1.51 (1H, m, H-15), 1.60 (lH, m, H-25),
1.62 (1H, m, H-2), 1.76 (1H, m, H-1), 1.79 (2H, m, H-16), 1.88 (1H, m, H-7), 1.92 (1H, m,
H-12), 2.11 (1H, m, H-4), 2.33 (1H, m, H-4), 2.49 (1H, m, H-12), 3.09 (1H, m, H-3), 5.31 (1H,
d, J = 4.8 Hz, H-6); glucose; 2.88 (lH, m, H-2′), 3.02 (lH, m, H-4′), 3.04 (lH, m, H-5′), 3.09 (lH,
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m, H-3′), 3.64 (1H, dd, J = 11.6, 5.6 Hz, H-6′), 3.64 (1H, dd, J = 11.6, 1.6 Hz, H-6′), 4.20 (1H,
d, J = 7.6 Hz, H-1′); 13C NMR (100.6 MHz, DMSO-d6): δ 12.1 (C-29), 12.2 (C-18), 19.1 (C-21),
19.4 (C-19), 19.6 (C-26), 20.1 (C-27), 21.0 (C-11), 23.1 (C-28), 24.3 (C-15), 25.9 (C-23), 28.2
(C-16), 29.2 (C-25), 29.7 (C-2), 31.8 (C-8), 31.9 (C-7), 33.8 (C-22), 35.9 (C-20), 36.7 (C-10), 37.2
(C-1), 38.3 (C-4), 40.2 (C-12), 42.3 (C-13), 45.6 (C-24), 50.1 (C-9), 56.6 (C-14), 55.9 (C-17), 77.4
(C-3), 121.7 (C-6), 140.9 (C-5); glucose; 61.6 (C-6′), 70.6 (C-4′), 73.9 (C-2′), 77.1 (C-5′), 77.2
(C-3′), 101.2 (C-1′). Supplementary data (Figures SF.46–SF.53).

3.4.7. Compound G: 3,5-Di-O-feruloylquinic Acid

Cream white powder (44.404), Rf: 0.20 (CDCl3: methanol, 55:45), melting point:
184–185 ◦C, [α]D

20 = −86.0◦, c = 0.21 in CHCl3, HR-EI-MS [M-Na+H2O]−: found m/z
553.1325 for C27H28O12 (calcd 544.5040), IR (KBr) cm−1: 3348 (OH), 2941 (C-H) 1685 (C=O)
and 1606 (CH=CH), 1520, 1260 and 809 benzene ring. 1H NMR (400 CDCl3): Quinic acid;
δ 2.03–2.36 (4H, m, H-2, H-6), 4.00 (1H, dd, J = 7.1, 3.0, H-4), 5.41 (1H, m, H-3), 5.46 (1H,
ddd, J = 7.1, 7.1, 3.0, H-5), Feruloyl; δ 7.65–7.61 (each 1H, d, J = 15.9 Hz, H-7′ and H-7′′),
7.09–7.08 (each 1H, H-2′ and H-2′′), 6.97–6.96 (each 1H, d, J = 8.2 Hz, H-6′ and H-6′′), 6.81
(each 1H, d, J = 8.2 Hz, H-5′ and H-5′′), 6.31–6.26 (each 1H, d, J = 15.9 Hz, H-8′ and H-8′′);
13C NMR (100.6 MHz, CDCl3): Quinic acid; 34.6 (C-2), 36.9 (C-6), 61.1 (C-4), 70.7 (C-3), 71.2
(C-5), 73.3 (C-1), 175.9 (C-7); Feruloyl’; 55.49 (OCH3), 113.8 (C-8′), 114.2 (C-2′), 115.1 (C-5′),
126.8 (C-1′), 145.4 (C-3′), 145.9 (C-7′), 148.1 (C-4′), 167.5 (C-9′); Feruloyl′′; 55.17 (OCH3),
113.8 (C-8′′), 113.9 (C-2′′), 115.1 (C-5′′), 126.4 (C-1′′), 145.4 (C-3′′), 145.7 (C-7′′), 148.1 (C-4′′),
167.5 (C-9′′). Supplementary data (Figures SG.54–SG.60).

3.4.8. Compound H: Isofraxidin-7-O-β-D-glucopyranoside

Pale brown powder (61.512), Rf: 0.25 (CDCl3: methanol, 88:12), Melting point: 204–
206 ◦C, [α]D

20 =+59.9◦, c=0.48 in DMSO, HR-EI-MS [M-C6H12O6]: found m/z 223.0603
for C17H20O10 (calcd 384.3347), IR (KBr) cm−1: 3423–3528 (OH−), 2979–2870 (medium,
C-H), 1715 (strong, C=O), 1576 (medium, C=C aromatic), 1410-1298 (medium, C-O), 1035
secondary alcohols and 839 benzene ring. 1H NMR (400 MHz, DMSO-d6) δ 3.81 (3H, s,
6-OCH3), 3.90 (3H, s, 8-OCH3), 5.14 (1H, d, J = 7.3 Hz, H-1′), 6.39 (1H, d, J = 9.5 Hz, H-3),
7.11 (1H, s, H-5), 7.93 (1H, d, J = 9.5 Hz, H-4); glucose; 3.09 (2H, m, H-3′′, H-4′′), 3.24 (2H,
m, H-2′′, H-5′′), 3.38 (1H, m, H-6′′), 3.59 (1H, m, H-6′′); 13C NMR (100.6 MHz, DMSO-d6) δ
56.5 (6-OCH3), 61.7 (8-OCH3), 105.9 (C-5), 115.0 (C-4′), 115.3 (C-3), 140.7 (C-8), 142.2 (C-7),
142.8 (C-8′), 144.8 (C-4), 149.9 (C-6), 160.3 (C-2); glucose; 61.2 (C-6′′), 70.3 (C-4′′), 74.5 (C-2′′),
76.9 (C-5′′), 77.9 (C-3′′), 102.6 (C-1′′).

3.5. Minimum Inhibitory Assay for Quantitative Antimicrobial Test

The MIC value of the plant extracts and isolated compounds against one fungal and
five bacterial strains (Salmonella Typhimurium ATCC 39183, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213, Enterococcus faecalis
ATCC 29212, and fungi culture, Candida albicans ATCC 10231) was assessed in triplicate
using the serial dilution microplate method [31]; acetone and DMSO were used as solvents.
Bacterial cultures were grown in Mueller Hinton broth (Sigma Aldrich, St. Louis, MO,
USA) overnight and adjusted to McFarland standard 1 (1 × 108 CFU/mL). Then, 100 µL
of samples were transferred into the first well of a sterile 96-well microtiter plate, which
contained 100 µL of water and a 1:1 serial dilution with sterilized distilled water was
carried out. In each well, 100 µL of appropriately adjusted fungal or bacterial cultures
were added, and the bacteria were subjected to final concentrations of 250–3.9 µg/mL for
pure compounds and 2.5–0.02 mg/mL for crude extracts. Amphotericin-B and Gentamicin
(Virbac, Carros, France) served as positive controls for fungi and bacteria, respectively. For
sterility, water served as control, while acetone served as a negative control. The microplates
were then incubated for 24 h at 37 ◦C. Following incubation, 40 µL of 0.2 mg/mL p-
iodonitrotetrazolium violet (INT, Sigma Aldrich) dissolved in water (hot) was added to
the wells before being incubated at 37 ◦C for another 2 h. In the case of fungi, the INT was
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added before incubation. The MIC was measured visually as the lowest concentration of
the compounds/extracts that inhibited proliferation [31].

3.6. Cytotoxicity Assay of Isolated Compounds and Crude Extracts

Cytotoxicity of compounds and extracts was tested against mammalian cells using the
MTT assay [69,70]. MCF-7 cancer cells were grown in a 5% CO2 incubator in Dulbecco’s
Modified Eagle’s Medium (DMEM, Highveld Biological, Johannesburg, South Africa)
supplemented with 10% fetal calf serum (Adcock-Ingram, Johannesburg, South Africa) and
1% penicillin-streptomycin (10,000 U/mL and 10 mg/mL streptomycin, Sigma Aldrich). In
a 5% CO2 incubator, Vero cells were grown in a minimal essential medium (MEM, Highveld
Biological, South Africa) supplemented with 5% fetal calf serum (Adcock-Ingram) and 0.1%
gentamicin (Virbac). Cell suspensions were obtained from 70–80% confluent monolayer
cultures and were plated in 96-well cell culture plates at a density of 1 × 104. Plates were
incubated in a 5% CO2 incubator for 24 h at 37 ◦C. The cells were exposed to the extracts
or compounds dissolved in the media at different concentrations for 48 h. Positive and
negative controls were doxorubicin (Pfizer, New York, NYC, USA) and acetone or DMSO,
respectively. After that, the wells were rinsed with phosphate-buffered saline (PBS, Sigma)
and 200 µL of fresh medium was poured into the wells. Thirty microlitres (5 mg/mL) of
MTT (Sigma) dissolved in PBS was added to each well, and the plates were incubated at
37 ◦C for 4 h. The medium from the wells was removed, rinsed, and 50 µL of 100% DMSO
was added to the wells. At a wavelength of 570 nm, absorbance was measured using a
microplate reader (BioTek Synergy, Beijing, China). Each sample concentration was tested
in quadruplicate in two repeats (n = 8), and the concentration causing 50% inhibition of cell
viability (LC50) was calculated. Selectivity index (SI) values for the extracts/compounds
were obtained by dividing cytotoxicity LC50 values of normal (Vero) cells by those of the
cancer cells.

4. Conclusions

Eight compounds (A–H) were isolated from A. afra extracts through chromatographic
techniques. By comparing spectroscopic data obtained with the one from the literature, the
compounds were correctly identified as 3β-taraxerol (A), 3β-taraxerol acetate (B), dodecyl-p-
coumarate (C), ferulic acid (D), scopoletin (E), sitosterol-3-O-β-D-glucopyranoside (F), 3,5-
di-O-feruloylquinic acid (G) and isofraxidin-7-O-β-D-glucopyranoside (H). 3β-Taraxerol
and 3β-taraxerol acetate are identified for the first time according to our knowledge from
Artemisia afra roots and wormwood species, even though the compounds were previously
isolated from other plant species. Moreover, dodecyl-p-coumarate, sitosterol-3-O-β-D-
glucopyranoside, 3,5-di-O-feruloylquinic acid, and isofraxidin-7-O-β-D-glucopyranoside
were also identified for the first time from the roots of Artemisia afra.

The hexane, DCM/EtOAc and EtOH extracts of A. afra exhibited good antimicrobial ac-
tivity depending on concentration against both Gram-positive and Gram-negative bacteria
and fungi, with DCM and EtOAc crude extracts showing exceptional activity against Es-
cherichia coli (MIC = 0.078 mg/mL). Scopoletin (E) isolated from the DCM and EtOAc crude
showed very good activity against Escherichia coli (MIC = 62.5 µg/mL) and 3β-sitosterol
glucopyranoside (F) isolated from the ethanol extract and dodecyl-p-coumarate isolated
from the DCM/EtOAc crude extract showed very good activity against Enterococcus faecalis
(MIC = 31.25 and 62.5 µg/mL, respectively). The remaining compounds (ferulic acid, 3,5-
di-O-feruloylquinic acid, and isofraxidin-7-O-β-D-glucopyranoside) displayed no efficacy
against the strains. However, earlier research reports that these compounds (A–H) have
strong antioxidant and anti-inflammatory properties [1,28,37]. The isolated compounds
were active at their highest concentration (MIC = 250 µg/mL), and all the crude extracts
(Hex, DCM/EtOAc, and EtOH) and isolated compounds (A–H) were determined to be
non-toxic to Vero cells and displayed modest efficacy against C. albicans.
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data for compounds A–H in CDCl3, MeOD and DMSO; Table S2: 13C (δc) (100.6 MHz) NMR data
for compounds A–H in CDCl3, MeOD and DMSO and S2, Figures SA.1–SH.68: Spectral data for
compounds (A–H).

Author Contributions: Conceptualization, T.L.M. and V.J.T.; methodology, T.L.M., V.J.T. and I.M.F.;
software, T.L.M.; validation, T.L.M., V.J.T., D.K., X.S.-N., I.M.F. and L.J.M.; formal analysis, T.L.M.
and I.M.F.; investigation, T.L.M.; resources, T.L.M. and V.J.T.; data curation, T.L.M., I.M.F. and V.J.T.;
writing—original draft preparation, T.L.M.; writing—review and editing, T.L.M., V.J.T., L.J.M., I.M.F.
and D.K.; visualization, T.L.M. and V.J.T.; supervision, V.J.T. and L.J.M.; project administration,
V.J.T.; funding acquisition, V.J.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was financially supported by the National Research Foundation Research South
Africa grant under grant number 117898 (VJT), Tshwane University of Technology (VJT).

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the Department of Chemistry and Faculty
of Science, Tshwane University of Technology for facilities. Phytomedicine Programme, Department
of Paraclinical Sciences, University of Pretoria, which conducted the biological testing and the South
African National Biodiversity Institute (SANBI) in Pretoria and Rhodes University, Department of
Chemistry for Mass Spectroscopy and Nuclear Magnetic Resonance infrastructure. The University of
Pretoria provided postdoctoral funding to I.M.F.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Richardson, J.P.; Moyes, D.L. Adaptive immune responses to Candida albicans infection. Virulence 2015, 6, 327–337. [CrossRef]
2. World Health Organization; Antimicrobial Resistance Division; Control of Neglected Tropical Diseases; Global Coordination and

Partnership; Alastruey-Izquierdo, A. WHO Fungal Priority Pathogens List to Guide Research, Development, and Public Health Action;
World Health Organization: Geneva, Switzerland, 2002.

3. WHO. Antimicrobial Resistance. 2021. Available online: https://www.who.int/news-room/fact-sheets/detail/antimicrobial-
resistance (accessed on 6 November 2022).

4. Ruifang, Z.; Karen, E.; Vincent, R.; Richard, J.Z. Antibiotic resistance as a global threat: Evidence from China, Kuwait, and the
United States. Glob. Health 2006, 2, 6.

5. Nibret, E.; Wink, M. Volatile components of four Ethiopian Artemisia species extracts and their in vitro antitrypanosomal and
cytotoxic activities. Phytomedicine 2010, 17, 369–374. [CrossRef]

6. Adugna, M.; Feyera, T.; Taddese, W.; Admasu, P. In vivo antimalarial activity of crude extract of aerial part of Artemisia abyssinica
against Plasmodium berghei in mice. Glob. J. Pharmacol. 2014, 8, 460–468.

7. Bora, K.S.; Sharma, A. The genus Artemisia: A comprehensive review. Pharm. Biol. 2011, 49, 101–109. [CrossRef]
8. Hussain, A.; Hayat, M.Q.; Sahreen, S.; ul Ain, Q.; Bokhari, S.A. Pharmacological promises of genus Artemisia (Asteraceae): A

review: Pharmacological promises of genus Artemisia. Proc. Pak. Acad. Sci. B 2017, 54, 265–287.
9. Muyima, N.Y.O.; Zulu, G.; Bhengu, T.; Popplewell, D. The potential application of some novel essential oils as natural cosmetic

preservatives in an aqueous cream formulation. Flavour Fragr. J. 2002, 17, 258–266. [CrossRef]
10. Liu, N.Q.; Van der Kooy, F.; Verpoorte, R. Artemisia afra: A potential flagship for African medicinal plants? S. Afr. J. Bot. 2009, 75,

185–195. [CrossRef]
11. Suliman, S.; Van Vuuren, S.F.; Viljoen, A.M. Validating the in vitro antimicrobial activity of Artemisia afra in polyherbal combina-

tions to treat respiratory infections. S. Afr. J. Bot. 2010, 76, 655–661. [CrossRef]
12. More, G.; Lall, N.; Husein, A.; Tshikalange, T.E. Antimicrobial constituents of Artemisia afra jacq. ex willd. against periodontal

pathogens. Evid. Based Complement. Altern. Med. 2012, 2012, 252758. [CrossRef] [PubMed]
13. Venables, L.; Koekemoer, T.C.; Van de Venter, M.; Goosen, E.D. Isoalantolactone, a sesquiterpene lactone from Artemisia afra Jacq.

Ex Willd and its in vitro mechanism of induced cell death in HeLa cells. S. Afr. J. Bot. 2016, 103, 216–221. [CrossRef]
14. Appalasamy, S.; Lo, K.Y.; Ch’ng, S.J.; Nornadia, K.; Othman, A.S.; Chan, L.K. Antimicrobial activity of artemisinin and precursor

derived from in vitro plantlets of Artemisia annua L. BioMed Res. Int. 2014, 2014, 215872. [CrossRef] [PubMed]
15. Moyo, P.; Kunyane, P.; Selepe, M.A.; Eloff, J.N.; Niemand, J.; Louw, A.I.; Maharaj, V.J.; Birkholtz, L.M. Bioassay-guided isolation

and identification of gametocytocidal compounds from Artemisia afra (Asteraceae). Malar. J. 2019, 18, 65. [CrossRef]
16. Oladoye, S.O.; Ayodele, E.T.; Abdul-Hammed, M.; Idowu, O.T. Characterisation and Identification of Taraxerol and Taraxer-14-

en-3-one from Jatropha tanjorensis (Ellis and Saroja) Leaves. Pak. J. Sci. Ind. Res. A Phys. Sci. 2015, 58, 46–50. [CrossRef]

https://www.mdpi.com/article/10.3390/plants12193369/s1
https://www.mdpi.com/article/10.3390/plants12193369/s1
https://doi.org/10.1080/21505594.2015.1004977
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://doi.org/10.1016/j.phymed.2009.07.016
https://doi.org/10.3109/13880209.2010.497815
https://doi.org/10.1002/ffj.1093
https://doi.org/10.1016/j.sajb.2008.11.001
https://doi.org/10.1016/j.sajb.2010.07.003
https://doi.org/10.1155/2012/252758
https://www.ncbi.nlm.nih.gov/pubmed/22693528
https://doi.org/10.1016/j.sajb.2015.08.016
https://doi.org/10.1155/2014/215872
https://www.ncbi.nlm.nih.gov/pubmed/24575401
https://doi.org/10.1186/s12936-019-2694-1
https://doi.org/10.52763/PJSIR.PHYS.SCI.58.1.2015.46.50


Plants 2023, 12, 3369 14 of 15

17. Abouelela, M.E.; Orabi, M.A.A.; Abdelhamid, R.A.; Abdelkader, M.S.A.; Darwish, M.M.F. Chemical and cytotoxic investigation
of non-polar extract from Ceiba pentandra (L.) Gaertn: A study supported by computer-based screening. J. Appl. Pharm. Sci. 2018,
8, 057–064.

18. Rehan, M. Cytotoxicity of oleanane type triterpene from leaf extract of Pterospermum acerifolium (in vitro) and theoretical
investigation of the inhibitory signaling pathway. Chin. Herb. Med. 2021, 13, 124–130. [CrossRef]

19. Ahmad, V.U. Handbook of Natural Products Data: Pentacyclic Triterpenoids; Elsevier: Amsterdam, The Netherlands, 1994.
20. Singh, N.K.; Singh, V.P. Isolation, characterization and antioxidant activity of dodecyl-p-coumarate from Ipomoea sepiaria. J. Chem.

Pharm. Res. 2014, 6, 564–569.
21. Sajjadi, S.; Shokoohinia, Y.; Moayedi, N. Isolation and identification of ferulic acid from aerial parts of Kelussia odoraatissima

mozaff. Jundishapur J. Nat. Pharm. Prod. 2012, 7, 159–162. [CrossRef] [PubMed]
22. Napiroon, T.; Bacher, M.; Balslev, H.; Tawaitakham, K.; Santimaleeworagun, W.; Vajrodaya, S. Scopoletin from Lasianthus lucidus

Blume (Rubiaceae): A potential antimicrobial against multidrug-resistant Pseudomonas aeruginosa. J. Appl. Pharm. Sci. 2018, 8,
001–006.

23. Gakuba, E. Isolation and Characterization of Secondary Metabolites of Two Asteraceae Species, Artemisia afra, and Elytropappus
rhinocerotis. Master’s Dissertation, University of KwaZulu-Natal, Durban, South Africa, 2009.

24. Khan, N.M.U.; Hossain, M.S. Scopoletin and β-sitosterol glucopyranoside from roots of Ipomoea digitata. J. Pharmacogn. Phytochem.
2015, 4, 5–7.

25. Swift, L.J. Isolation of β-sitosteryl-D-glucopyranoside from the juice of Florida Valencia oranges (Citrus sinensis, L.). J. Am. Chem.
Soc. 1952, 74, 1099–1100. [CrossRef]

26. Backhouse, N.; Delporte, C.; Negrete, R.; Suárez, S.; Cassels, B.K.; Breitmaier, E.; Schneider, C. Anti-inflammatory and antipyretic
metabolites of Acaena splendens. Pharm. Biol. 1997, 35, 49–54.

27. Wan, C.; Li, S.; Liu, L.; Chen, C.; Fan, S. Caffeoylquinic Acids from the Aerial Parts of Chrysanthemum coronarium L. Plants 2017, 6,
10. [CrossRef] [PubMed]

28. Kim, A.R.; Ko, H.J.; Chowdhury, M.A.; Chang, Y.S.; Woo, E.R. Chemical constituents on the aerial parts of Artemisia selengensis
and their IL-6 inhibitory activity. Arch. Pharm. Res. 2015, 38, 1059–1065. [CrossRef]

29. Balasundram, N.; Sundram, K.; Samman, S. Phenolic compounds in plants and agri-industrial by-products: Antioxidant activity,
occurrence, and potential uses. Food Chem. 2006, 99, 191–203. [CrossRef]

30. Masoko, P.; Picard, J.; Eloff, J.N. Antifungal activities of six South African Terminalia species (Combretaceae). J. Ethnopharmacol.
2005, 99, 301–308. [CrossRef]

31. Eloff, J.N. A sensitive and quick microplate method to determine the minimal inhibitory concentration of plant extracts for
bacteria. Planta Med. 1998, 64, 711–713. [CrossRef] [PubMed]

32. Sartoratto, A.; Machado, A.L.M.; Delarmelina, C.; Figueira, G.M.; Duarte, M.C.T.; Rehder, V.L.G. Composition and antimicrobial
activity of essential oils from aromatic plants used in Brazil. Braz. J. Microbiol. 2004, 35, 275–280. [CrossRef]

33. Boik, J. Natural Compounds in Cancer Therapy, 1st ed.; Silvine, F., Ed.; Oregon Medical Press: Princeton, NJ, USA, 2001.
34. Elisha, I.L.; Botha, F.S.; McGaw, L.J.; Eloff, J.N. The antibacterial activity of extracts of nine plant species with good activity against

Escherichia coli against five other bacteria and cytotoxicity of extracts. BMC Complement Altern. Med. 2017, 17, 1–10. [CrossRef]
[PubMed]

35. Naika, H.R.; Krishna, V.; Harish, B.G.; Khadeer Ahamed, B.M.; Mahadevan, K.M. Antimicrobial Activity of Bioactive Constituents
Isolated from the Leaves of Naravelia zeylanica (L.) DC. Int. J. Res. Pharm. Biomed. Sci. 2007, 1, 153–159.

36. Koay, Y.C.; Wong, K.C.; Hasnah, O.; Ibrahim, E.M.S.; Mohammad, Z.A. Chemical constituents and biological activities of
Strobilanthes crispus L. Rec. Nat. Prod. 2013, 7, 59–64.

37. Duarte, M.C.T.; Figueira, G.M.; Sartoratto, A.; Rehder, V.L.G.; Delarmelina, C. Anti-Candida activity of Brazilian medicinal plants.
J. Ethnopharmacol. 2005, 97, 305–311. [CrossRef] [PubMed]

38. ur Rahman, U.; Durrani, S.; Ubaidullah, S.A.; ur Rahman, S. Anti-pyretic activity of taraxerol acetate. KJMS 2016, 9, 165.
39. Aguilar-Guadarrama, B.; Navarro, V.; León-Rivera, I.; Rios, M.Y. Active Compounds against Tinea Pedis Dermatophytes from

Ageratina pichinchensis var. bustamenta. Nat. Prod. Res. 2009, 23, 1559–1565. [CrossRef] [PubMed]
40. Mus, A.A.; Goh, L.P.W.; Marbawi, H.; Gansau, J.A. The Biosynthesis and Medicinal Properties of Taraxerol. Biomedicines 2022, 10,

807. [CrossRef] [PubMed]
41. Singh, B.; Sahu, P.M.; Sharma, M.K. Anti-inflammatory and antimicrobial activities of triterpenoids from Strobilanthes callosus

Nees. Phytomedicine 2002, 9, 355–359. [CrossRef] [PubMed]
42. Csupor-Löffler, B.; Hajdú, Z.; Zupkó, I.; Molnár, J.; Forgo, P.; Vasas, A.; Kele, Z.; Hohmann, J. Antiproliferative Constituents of the

Roots of Conyza canadensis. Planta Med. 2011, 77, 1183–1188. [CrossRef]
43. Rehman, U.U.; Shah, J.; Khan, M.A.; Shah, M.R.; Khan, I. Molecular docking of taraxerol acetate as a new COX inhibitor.

Bangladesh J. Pharmacol. 2013, 8, 194–197. [CrossRef]
44. Vo, T.K.; Ta, Q.T.H.; Chu, Q.T.; Nguyen, T.T.; Vo, V.G. Anti-Hepatocellular-Cancer Activity Exerted by β-Sitosterol and β-Sitosterol-

Glucopyranoside from Indigofera zollingeriana Miq. Molecules 2020, 25, 3021. [CrossRef]
45. Midori, T.; Takao, K.; Harukuni, T.; Kazuo, M.; Yoko, A.; Kenji, S.; Hiroyuki, A. Anti-carcinogenic activity of Taraxacum plant. II.

Biol. Pharm. Bull. 1999, 22, 606–610.

https://doi.org/10.1016/j.chmed.2020.09.004
https://doi.org/10.17795/jjnpp-4861
https://www.ncbi.nlm.nih.gov/pubmed/24624175
https://doi.org/10.1021/ja01124a526
https://doi.org/10.3390/plants6010010
https://www.ncbi.nlm.nih.gov/pubmed/28218654
https://doi.org/10.1007/s12272-014-0543-x
https://doi.org/10.1016/j.foodchem.2005.07.042
https://doi.org/10.1016/j.jep.2005.01.061
https://doi.org/10.1055/s-2006-957563
https://www.ncbi.nlm.nih.gov/pubmed/9933989
https://doi.org/10.1590/S1517-83822004000300001
https://doi.org/10.1186/s12906-017-1645-z
https://www.ncbi.nlm.nih.gov/pubmed/28241818
https://doi.org/10.1016/j.jep.2004.11.016
https://www.ncbi.nlm.nih.gov/pubmed/15707770
https://doi.org/10.1080/14786410902843301
https://www.ncbi.nlm.nih.gov/pubmed/19844829
https://doi.org/10.3390/biomedicines10040807
https://www.ncbi.nlm.nih.gov/pubmed/35453556
https://doi.org/10.1078/0944-7113-00143
https://www.ncbi.nlm.nih.gov/pubmed/12120818
https://doi.org/10.1055/s-0030-1270714
https://doi.org/10.3329/bjp.v8i2.14167
https://doi.org/10.3390/molecules25133021


Plants 2023, 12, 3369 15 of 15

46. Kuljanabhagavad, T.; Suttisri, R.; Pengsuparp, T.; Ruangrungsi, N. Chemical structure and antiviral activity of aerial part from
laggera pterodonta. J. Health Res. 2009, 23, 175–177.

47. Lewis, D.A.; Hanson, D. Anti-ulcer drugs of plant origin. In Progress in Medicinal Chemistry; Ellis, G.P., West, G.B., Eds.; Elsevier
Science Publishers B.V.: Amsterdam, The Netherlands, 1991; Volume 28, pp. 201–231.

48. Navarrete, A.; Trejo-Miranda, J.L.; Reyes-Trejo, L. Principles of root bark of Hippocratea excelsa (Hippocrataceae) with gastroprotec-
tive activity. J. Ethnopharmacol. 2002, 79, 383–388. [CrossRef]

49. Nandi, D.; Besra, S.E.; Vedasiromoni, J.R.; Giri, V.S.; Rana, P.; Jaisankar, P. Anti-leukemic activity of Wattakaka volubilis leaf extract
against human myeloid leukemia cell lines. J. Ethnopharmacol. 2012, 144, 466–473. [CrossRef] [PubMed]

50. Thaeder, C.; Stanek, J.; Couvreur, J.; Borrego, C.; Brunissen, F.; Allais, F.; Flourat, A.L.; Cordelier, S. Chemo-Enzymatic Synthesis
and Biological Assessment of p-Coumarate Fatty Esters: New Antifungal Agents for Potential Plant Protection. Molecules 2023, 28,
5803. [CrossRef] [PubMed]

51. Lopes, S.P.; Yepes, L.M.; Pérez-Castillo, Y.; Robledo, S.M.; de Sousa, D.P. Alkyl and aryl derivatives based on p-coumaric acid
modification and inhibitory action against Leishmania braziliensis and Plasmodium falciparum. Molecules 2020, 25, 3178. [CrossRef]

52. Bodede, O.; Shaik, S.; Singh, M.; Moodley, R. Phytochemical analysis with antioxidant and cytotoxicity studies of the bioactive
principles from Zanthoxylum capense (Small Knobwood). Anti-Cancer Agents Med. Chem. 2017, 17, 627–634. [CrossRef] [PubMed]

53. Ou, S.; Kwok, K. Ferulic acid: Pharmaceutical functions, preparation, and applications in foods. J. Sci. Food Agric. 2004, 84,
1261–1269. [CrossRef]

54. Mancuso, C.; Santangelo, R. Ferulic acid: Pharmacological and toxicological aspects. Food Chem. Toxicol. 2014, 65, 185–195.
[CrossRef] [PubMed]

55. Borges, A.; Ferreira, C.; Saavedra, M.J.; Simões, M. Antibacterial activity and mode of action of ferulic and gallic acids against
pathogenic bacteria. Microb. Drug Resist. 2013, 19, 256–265. [CrossRef] [PubMed]

56. Wijayanti, E.D.; Safitri, A.; Siswanto, D.; Triprisila, L.F.; Fatchiyah, F. Antimicrobial activity of ferulic acid in Indonesian purple
rice through toll-like receptor signaling. Makara J. Sci. 2021, 25, 7.

57. Singh Tuli, H.; Kumar, A.; Ramniwas, S.; Coudhary, R.; Aggarwal, D.; Kumar, M.; Sharma, U.; Chaturvedi Parashar, N.; Haque, S.;
Sak, K. Ferulic Acid: A Natural Phenol That Inhibits Neoplastic Events through Modulation of Oncogenic Signaling. Molecules
2022, 27, 7653. [CrossRef]

58. Tal, B.; Robeson, D.J. The induction, by fungal inoculation of ayapin and scopoletin biosynthesis in Helianthus annuus. Phytochem-
istry 1986, 25, 77–79. [CrossRef]

59. Ojewole, J.A.O.; Adesina, S.K. Cardiovascular and neuromuscular actions of scopoletin from Tetrapleura tetraptera. Planta Med.
1983, 49, 99–102. [CrossRef] [PubMed]

60. Xia, Y.; Dai, Y.; Wang, Q.; Liang, H. Determination of scopoletin in rat plasma by high-performance liquid chromatography
method with UV detection and its application to a pharmacokinetic study. J. Chromatogr. A 2007, 857, 332–336.

61. Gnonlonfin, G.J.B.; Sanni, A.; Brimer, L. Review scopoletin—A coumarin phytoalexin with medicinal properties. Crit. Rev. Plant
Sci. 2012, 31, 47–56. [CrossRef]

62. Buathong, R.; Chamchumroon, V.; Schinnerl, J.; Bacher, M.; Santimaleeworagun, W.; Kraichak, E.; Vajrodaya, S. Chemovariation
and antibacterial activity of extracts and isolated compounds from species of Ixora and Greenea (Ixoroideae, Rubiaceae). PeerJ
2019, 7, e6893. [CrossRef] [PubMed]

63. Antika, L.; Tasfiyati, A.; Hikmat, H.; Septama, A. Scopoletin: A review of its source, biosynthesis, methods of extraction, and
pharmacological activities. Z. Naturforsch. C 2022, 77, 303–316. [CrossRef] [PubMed]

64. Mogana, R.; Teng-Jin, K.; Wiart, C. Anti-inflammatory, anticholinesterase, and antioxidant Potential of scopoletin isolated from
Canarium patentinervium Miq. (Burseraceae Kunth). Evid. Based Complement. Altern. Med. 2013, 2013, 734824. [CrossRef]

65. Subramaniam, S.; Keerthiraja, M.; Sivasubramanian, A. Synergistic antibacterial action of β-sitosterol-D-glucopyranoside isolated
from Desmostachya bipinnata leaves with antibiotics against common human pathogens. Rev. Bras. Farmacogn. 2014, 24, 44–50.
[CrossRef]

66. NCCLS. 2007. Available online: http://www.nccls.org (accessed on 15 March 2022).
67. Njinga, N.S.; Sule, M.I.; Pateh, U.U.; Hassan, H.S.; Abdullahi, S.T.; Ache, R.N. Isolation and antimicrobial activity of β-sitosterol-3-

O-glucopyranoside from Lannea kerstingii engl. & K. Krause (Anacardiacea). J. Health Allied Sci. NU 2016, 6, 4–8.
68. Yuan, K.; Zhu, J.; Si, J.; Cai, H.; Ding, X.; Pan, Y. Studies on chemical constituents and antibacterial activity from n-butanol extract

of Sarcandra glabra. Zhongguo Zhong Yao Za Zhi 2008, 33, 1843–1846. [PubMed]
69. McGaw, L.J.; Van Der Merwe, D.; Eloff, J.N. In vitro anthelmintic, antibacterial, and cytotoxic effects of extracts from plants used

in South African ethnoveterinary medicine. Vet. J. 2007, 173, 366–372. [CrossRef] [PubMed]
70. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays.

J. Immunol. Methods 1983, 65, 55–63. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0378-8741(01)00414-7
https://doi.org/10.1016/j.jep.2012.08.021
https://www.ncbi.nlm.nih.gov/pubmed/23069944
https://doi.org/10.3390/molecules28155803
https://www.ncbi.nlm.nih.gov/pubmed/37570772
https://doi.org/10.3390/molecules25143178
https://doi.org/10.2174/1871520616666160627091939
https://www.ncbi.nlm.nih.gov/pubmed/27357542
https://doi.org/10.1002/jsfa.1873
https://doi.org/10.1016/j.fct.2013.12.024
https://www.ncbi.nlm.nih.gov/pubmed/24373826
https://doi.org/10.1089/mdr.2012.0244
https://www.ncbi.nlm.nih.gov/pubmed/23480526
https://doi.org/10.3390/molecules27217653
https://doi.org/10.1016/S0031-9422(00)94505-9
https://doi.org/10.1055/s-2007-969824
https://www.ncbi.nlm.nih.gov/pubmed/6657785
https://doi.org/10.1080/07352689.2011.616039
https://doi.org/10.7717/peerj.6893
https://www.ncbi.nlm.nih.gov/pubmed/31119085
https://doi.org/10.1515/znc-2021-0193
https://www.ncbi.nlm.nih.gov/pubmed/35218175
https://doi.org/10.1155/2013/734824
https://doi.org/10.1590/0102-695X20142413348
http://www.nccls.org
https://www.ncbi.nlm.nih.gov/pubmed/19007012
https://doi.org/10.1016/j.tvjl.2005.09.004
https://www.ncbi.nlm.nih.gov/pubmed/16239113
https://doi.org/10.1016/0022-1759(83)90303-4
https://www.ncbi.nlm.nih.gov/pubmed/6606682

	Introduction 
	Results and Discussions 
	Isolated Compounds from A. afra 
	Anti-Bacterial, Anti-Fungal, and Cytotoxicity Studies of A. afra Crude Extracts and Isolated Compounds 

	Materials and Methods 
	Collection and Identification 
	Sample Preparation and Extraction 
	Fractionation and Purification of Crude Extracts 
	Fractionation and Purification of DCM/Ethyl Acetate Crude Extracts 
	Fractionation and Purification of Ethanol Crude Extract 

	Spectral Data of Isolated Compounds 
	Compound A: 3-Taraxerol 
	Compound B: 3-Taraxerol Acetate 
	Compound C: Dodecyl-p-coumarate 
	Compound D: Ferulic Acid 
	Compound E: Scopoletin 
	Compound F: Sitosterol-3-O–D-glucopyranoside 
	Compound G: 3,5-Di-O-feruloylquinic Acid 
	Compound H: Isofraxidin-7-O–D-glucopyranoside 

	Minimum Inhibitory Assay for Quantitative Antimicrobial Test 
	Cytotoxicity Assay of Isolated Compounds and Crude Extracts 

	Conclusions 
	References

