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ABSTRACT
Artemisia herba-alba Asso (Asteraceae), commonly known as wormwood, is a perennial flowering herb native 
to the arid and semi-arid zones of the Mediterranean basin and a rich source of phytochemicals, including 
artemisinin derivatives. These sesquiterpene lactones are of major medicinal importance, and artemisinin-
based therapies are used against chloroquine-resistant Plasmodium falciparum. Because the yield of these 
phytochemicals depends on the environmental and cultivation conditions, this study aimed to determine the 
percentage of artemisinin derivatives in the leaves of A. herba-alba collected from the Diyala governorate, 
Iraq, and to assess whether the local conditions are favorable for the plant. The aerial parts were harvested 
twice, in spring (April) and summer (July) 2024. The leaves were separated, dried in the dark, and pulverized, 
and a hexane extract was prepared by cold maceration and evaporated to dryness. The extract was screened 
for six Artemisia terpenoids — artemisinic acid, arteannuin B, dihydroartemisinin, artemisitene, artemisinin, 
and deoxyartemisinin — by reversed-phase high-performance liquid chromatography (RP-HPLC), and the 
percentage of each compound in the leaves was calculated from the extraction yield. The extraction yield was 
0.85% for the April sample and 3.85% for the July sample, and the leaf content of the measured compounds 
was markedly higher in the July (summer) sample — approximately eight times that of the April (spring) 
sample. The summer artemisinin content approached the upper part of the range previously reported for 
Artemisia (0.01–0.8% in A. annua). These results indicate that summer is the optimal harvesting season 
and that A. herba-alba grown in the Diyala governorate can serve as a promising source of artemisinin 
derivatives, warranting measures to improve and exploit its yield.
Keywords: Artemisia herba-alba, artemisinin derivatives, terpenoids, RP-HPLC, malaria, phytochemical 
screening.

1. INTRODUCTION
Artemisia herba-alba, commonly known as 

wormwood, is a perennial flowering herb of 
the genus Artemisia that grows natively in the 
arid and semi-arid zones of the Mediterranean 
basin. It also occurs in Africa and further north, 
where winters are sunny and moderately cold. 
Like other Artemisia species, the plant prefers 
circum-neutral to alkaline, loamy soils of mod-
erate moisture; it cannot withstand over-wet or 

waterlogged conditions but is drought-resistant 
and can persist in poorly drained areas (Aljai-
yash et al., 2018).

Artemisia herba-alba develops in spring and 
blooms in early summer. It typically grows 20–
40 cm tall (Moufid & Eddouks, 2012) and pro-
vides cover for grazing animals such as sheep 
and goats (Hassani et al., 2008), although its 
aromatic character makes it less palatable. Its 
characteristic odor is attributed to volatile oil, 
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while its bitter taste is ascribed to sesquiterpene 
lactones and alkaloids (Hassani et al., 2008). It 
may act as a companion plant resistant to pests 
and diseases (Al-Khayri et al., 2023) but is sus-
ceptible to root rot in poorly drained areas (Al-
jaiyash et al., 2018).

Artemisia herba-alba has numerous medic-
inal and non-medicinal uses, including soil im-
provement, ground cover, companion planting 
for its pest-repellent properties, and erosion 
control and soil stabilization in dry areas. Its 
flowers provide nectar and pollen for pollina-
tors, including bees; its leaves are consumed by 
various insects and herbivores; and its dense fo-
liage and leaf litter offer shelter and habitat for 
beneficial insects and other invertebrates (Has-
sani et al., 2008).

The aerial parts are best harvested in sum-
mer to obtain the highest yield of phytochem-
icals. The plant is rich in phytochemicals with 
diverse medicinal effects, including volatile oils, 
sesquiterpenes known as Artemisia terpenoids, 
monoterpene alcohols, alkaloids, flavonoids, 
and coumarins. Among the volatile oils are cin-
eole, thujone, oxygenated monoterpenes such 
as camphor, terpinen-ol and borneol, chrysan-
thenone, and chrysanthenol (El Ouahdani et 
al., 2021). The sesquiterpene lactones include 
eudesmanolides and germacranolides (Bour-
gou et al., 2017). The plant is also enriched with 
flavonoids occurring as O-glycosides (e.g., hispi-
dulin, cirsilineol) and C-glycosides (e.g., isovitex-
in, schaftoside, isoschaftoside) (Sewidan et al., 
2020). Additional bioactive compounds such as 
gallic acid, catechin, vanillic acid, caffeic acid, 
epicatechin, ferulic acid, and sinapic acid have 
also been identified (Hanae et al., 2023).

This diversity of phytochemicals confers pleio-
tropic medicinal effects, including antiseptic, 
vermifuge, antiparasitic, antimalarial, anthel-
mintic, antitubercular, antiviral, antihyperlipid-
emic, antiemetic, antidepressant, anticancer, 
anti-asthmatic, antihypertensive, antidiabetic, 
anxiolytic, hepatoprotective, gastroprotective, 
and insecticidal actions. In traditional medicine, 
the plant is burned and the fumes inhaled to 
treat coughs and chest, stomach, and muscular 
pains; the crushed plant is applied to strength-
en the hair and to treat cuts and various skin 

disorders; and its macerated leaves, mixed with 
olive oil, are applied to the skin to treat lesions 
(Mohammed et al., 2021; Ouedrhiri et al., 2022; 
Alshehri, 2022).

In addition, a tea of Artemisia herba-alba, 
equivalent to the aqueous extract, has been used 
in Iraqi folk medicine as an antidiabetic remedy 
and was found effective against alloxan-induced 
type-I diabetes mellitus and in reducing post-
prandial glucose in patients with type-2 diabe-
tes (Boudjelal et al., 2015). Preliminary evidence 
suggests that a water extract of the herb may 
reduce symptoms and resolve pinworm infec-
tions in adults and children after three days of 
treatment (Ahmed et al., 2020). An essential-oil 
extract of the aerial parts also shows antibac-
terial activity against some Gram-positive and 
Gram-negative bacteria in vitro, with the santo-
lina alcohol constituent apparently responsible 
(Mohammed et al., 2021).

Because artemisinin derivatives constitute 
the most important group of medicinal phyto-
chemicals in this plant, the present study aimed 
to determine the percentage of artemisinin de-
rivatives in the leaves of Artemisia herba-alba 
collected from the Diyala governorate, Iraq.

2. MATERIALS AND METHODS
2.1. Chemicals
Analytical-grade hexane (Sigma-Aldrich, MO, 

USA) was used as the extraction solvent. Analyt-
ical-grade sodium hexanesulfonate (Fisher Sci-
entific, UK) was used together with a mixture of 
mono- and dihydrogen phosphates (Merck Ltd) 
as buffering agents. HPLC-grade acetonitrile and 
deionized water were used as the solvents and 
organic modifiers for the mobile phase.

2.2. Plant material
A sample of Artemisia herba-alba (Asterace-

ae) was collected from the Diyala governorate, 
Iraq, twice (in April and July 2024). It was tax-
onomically authenticated by a specialist at the 
Faculty of Agriculture (Abu Ghraib, Baghdad). 
The leaves were then separated, dried for 20 
days in the dark, and mechanically pulverized 
with herb grinders. The powder was packaged in 
a paper bag and stored in a refrigerator at 4 °C.

2.3. Extraction
A hexane extract was prepared by cold 
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maceration, mixing 100 g of the pulverized plant 
with cold hexane for 24 h. The extract was ro-
tary-evaporated to dryness at 40 °C to obtain 
a residue representing the final extract. The 
extraction yield was calculated by dividing the 
weight of the residue by the original amount of 
raw plant material.

2.4. Quantitative evaluation of the Artemisia 
terpenoid content

The extract was screened for six Artemisia 
terpenoids that are abundant in different Ar-
temisia species — artemisinic acid, arteannuin 
B, dihydroartemisinin, artemisitene, artemisi-
nin, and deoxyartemisinin — by reversed-phase 
high-performance liquid chromatography (RP-
HPLC). The residue was dissolved in 1 L of a mo-
bile phase composed of acetonitrile, water, and 
methanol (50:30:20). The solution was analyzed 
on an RP-HPLC system (Shimadzu LC) equipped 
with a binary delivery pump. The stationary 
phase was a fast-liquid-chromatography C18 
column (50 × 4.6 mm I.D.). The mobile phase 
was delivered at 0.9 mL/min, and the eluted 
compounds were detected by UV at 220 nm; 
the amount of each compound was determined 
from its retention time. A standard curve of con-
centration versus peak area was constructed for 

each derivative by injecting solutions of known 
concentration and measuring the area under 
the curve, and the amount of each derivative 
was estimated from this curve.

2.5. Calculation of the percentage of the ac-
tive constituents in the leaves

The percentage of each constituent in the ex-
tract was determined and, together with the ex-
traction yield, was used to estimate the amount 
of each compound in the leaves.

3. RESULTS
The extraction yield was 0.85% for the April 

sample and 3.85% for the July sample, indicat-
ing a higher yield when the plant was kept un-
til the summer season. The percentage of each 
phytochemical in the leaves of the April and July 
samples was calculated from the amount deter-
mined by HPLC in each extract relative to the raw 
leaf material used. Each compound was identi-
fied from its retention time, and its amount was 
determined from the area under its peak. The 
peaks obtained for the April and July samples 
are shown in Figure 1; the retention times and 
peak areas are given in Table 1, and the percent-
ages of each compound in the leaves are given 
in Table 2.

Figure 1. Reconstructed RP-HPLC chromatograms based on the retention times and peak areas reported in Table 1. 
Peaks 1–6: artemisinic acid, arteannuin B, dihydroartemisinin, artemisitene, artemisinin, and deoxyartemisinin. (A) 
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July (summer) sample; (B) April (spring) sample.

Table 1. Retention time and area under the curve (AUC) of the six phytochemicals obtained 
from Artemisia herba-alba (Diyala governorate).

Phytochemical Retention time (min) AUC, April sample AUC, July sample
artemisinic acid 2.072 64711 38320

arteannuin B 3.378 96736 42555
dihydroartemisinin 4.555 84564 29853

artemisitene 5.45 84405 32689
artemisinin 6.625 100548 34606

deoxyartemisinin 7.865 100720 35035

Table 2. Percentage of each phytochemical in the leaves of the April and July samples.

Phytochemical Percentage in leaves, April Percentage in leaves, July
artemisinic acid 0.0592 0.505568

arteannuin B 0.0879 0.750666
dihydroartemisinin 0.0686 0.585844

artemisitene 0.0774 0.660996
artemisinin 0.0787 0.672098

deoxyartemisinin 0.0695 0.59353

4. DISCUSSION
Artemisia herba-alba is rich in medicinally 

active compounds belonging to different phyto-
chemical classes, such as alkaloids, coumarins, 
flavonoids, volatile oils, and terpenoids (Lazreg 
et al., 2025). The most important of these are 
the artemisinins, sesquiterpene-lactone deriv-
atives of the terpenoids (Wahnou et al., 2025; 
Abdallah et al., 2025), which are well known for 
their antimalarial (Cheong et al., 2020) and an-
ticancer (Dai et al., 2021) effects. Their biosyn-
thesis occurs only in Artemisia species, and their 
abundance and quantity in the active parts of 
the plant depend on environmental conditions 
such as temperature, humidity, and the nature 
and moisture of the soil.

The study showed that the phytochemical 
content of the leaves was higher when the crop 
was harvested in summer and much lower in 
the spring samples. Keeping the plant in the soil 
until summer increased the leaf content of the 
measured compounds approximately eight-fold, 
supporting the view that summer is the optimal 
time for harvesting A. herba-alba and indicat-
ing that the local soil and environmental condi-
tions were favorable for the plant. The summer 

content fell within the range previously reported 
for the plant (0.01–0.8% in A. annua).

Previous studies have indicated that the phy-
tochemicals mentioned have cytotoxic effects; 
nevertheless, the plant does not pose a major 
hazard to grazing livestock, which may be at-
tributed to its relatively low content in the ac-
tive parts and to the limited period during which 
the phytochemicals are synthesized, as it is a pe-
rennial herb that sprouts in spring and blooms in 
summer, so that animal exposure is insufficient 
to exert a cytotoxic effect. One toxicology study 
reported that the plant is non-toxic at low dos-
es and short durations, whereas at higher doses 
(up to 3 g/kg) and longer exposure, toxicity may 
occur, with rapid respiration, neurotoxicity, car-
diotoxicity, hemotoxicity, genotoxicity, embryo-
toxicity, or reproductive toxicity (Khnissi et al., 
2022). Further in-depth studies of the medicinal 
uses, clinical efficacy, and safety are needed.

Artemisinins have been approved as antima-
larial agents (artemisinin-based therapy) widely 
used to treat malaria caused by chloroquine-re-
sistant strains of Plasmodium falciparum, reflect-
ing the pharmaco-economic importance of this 
plant and encouraging both its cultivation and 
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the maintenance of indigenous populations.
Previous studies have reported that the 

leaves and flowers of Artemisia may yield arte-
misinin at 0.01–0.8% on a dry-weight basis, al-
though that work was conducted on Artemisia 
annua, another Artemisia species (Wang et al., 
2023). The present study showed that plants 

growing in the Diyala governorate, Iraq, may 
produce artemisinin at a percentage approach-
ing the upper limit of this range, indicating that 
the plant can serve as a good phytochemical 
source of artemisinins and encouraging the use 
of various procedures to improve and exploit the 
yield.
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