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The Artemisia species, often known collectively as "wormwood" are herbs and shrubs, which could be perennial, biennial

and annual plants, distributed on all continents except Antarctica, mainly on Northern Hemisphere, with only 25 species

on the Southern Hemisphere, being the Asian the zone where higher species diversity is concentrated. The use of

Artemisia species in traditional medicine is well-documented and demonstrates the great ethnopharmacological value of

this genus. In addition to the traditional medicine applications, Artemisia species exhibit high food value since many of

them are species used in culinary as a food, spices, condiments and beverages flavoring.
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1. Introduction

Artemisia genus (Asteraceae family) comprise more than 2290 plant name records in the "The Plant List" database, being

only 530 of these taxa with accepted Latin botanical name , which shows how challenging the taxonomy of this genus is.

The Artemisia species are herbs and shrubs, which could be perennial, biennial and annual plants, distributed on all

continents except Antarctica, mainly on Northern Hemisphere, with only 25 species on the Southern Hemisphere , being

the Asian the zone where higher species diversity is concentrated . They exhibit a great ability to grow on different

ecosystems from the sea level to the mountains and from arid areas to wet regions, but the majority of the species live on

temperate zones . Some Artemisia species exhibit so high ability to adapt to new habitats that they become invasive

species in these environments, posing a significant threat to biodiversity .

The use of Artemisia species in traditional medicine is well-documented  and demonstrates

the great ethnopharmacological value of this genus. Artemisia annua L. and Artemisia absinthium L. are the best known

for their uses in traditional medicine around of the World. For example, A. annua is cited in several ancient books as being

suitable for the treatment of consumptive fever, jaundice, summer heat wounds, tuberculosis, lice, scabies, dysentery, and

hemorrhoids in addition to pain relievers, while in Iran is used as antispasmodic, carminative, or sedative remedy for

children . In turn, A. absinthium has been traditionally used to treat mainly gastrointestinal diseases and as

anthelmintic although for example in Italy it is also used as an antiparasitic, antihypertensive and anti-inflammatory, while

in France it is also used to stimulate appetite, as an antipyretic, and emmenagogue . However, many other species

are used on each continent. For example, Artemisia afra Jacq. ex Willd. is one of the most widely used herbal remedies in

South Africa to treat inflammation and pain . It is also used to treat various ailments including coughs, colds, asthma,

fever, influenza, diabetes and malaria , and by certain South African traditional healers to treat rhinitis . Artemisia
dracunculus L. is widely used in North America, for example by the Chippewa and Costanoan Indians as abortifacient and

medicine to treat chronic dysentery, heart palpitations, wounds, colic in babies, and also to strengthen hair and make it

grow . In the Iranian Traditional Medicine A. vulgaris is used to treat cervicitis , while this species is reported in the

ethnobotany of Karok, Kiowa, Miwok Paiute, Pomo and Tlingit areas, as a drug with several applications such as in

childbirth, steam bath for pleurisy, gonorrheal sore, cold, rheumatism, headache, a ‘worm’ medicine, pains of afterbirth .

The traditional use of Artemisia species in Europe is mainly as food, spices and beverages (discussed in more detail

below). However, Artemisia species are also used in the treatment of various diseases, as for example Artemisia
umbelliformis Lam. and Artemisia genipi Weber ex Stechm. also known as Alpine wormwoods and génépis species, that

are used traditionally to fight cold fever, fatigue, dyspepsia and respiratory infections, as wound-healing agents and to

treat bruises, while wines aromatized with these species stimulate appetite, promote digestion, and fight the mountain

sickness .

Even some Artemisia species less scientifically known such as Artemisia ordosica Krasch, have significant

ethnomedicinal applications. This species was recorded on the traditional Mongolian and Chinese medicine books, as

having a beneficial effect on the nasal bleeding, rheumatoid arthritis, headache, sore throat and carbuncle  and was

used by Mongolian "barefoot" doctors for nasosinusitis treatment . Artemisia tripartita (Nutt.) Rydb. was reported on
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Native American Ethnobotany database  as diaphoretic and remedy to treat cold and sore throats, while Artemisia
verlotiorum Lamotte, distributed in all northern hemisphere, is used in Tuscany folk medicine to treat hypertension , and

to alleviate stomach problems in Gilgit-Baltistan, Pakistan .

Artemisia species, as well as other herbal medicines, with proven pharmacological effects has been incorporated into

conventional medicine. This incorporation is supported by the world health organization, which considers that traditional

and complementary medicine can make a significant contribution to the goal of achieving universal health coverage by

being included in the provision of essential health services . Nevertheless, international research into traditional herbal

medicines should be subject to the same ethical and methodological requirements as all research involving humans.

Therefore, criteria to promote the safety, quality and effectiveness of the plants used in traditional medicine have been

discussed and established .

Encouraged by this wide application in traditional medicine, the scientific community has dedicated itself to investigating in

each Artemisia species evidence to support these applications. The result of this vast investigation showed the Artemisia
species (extracts and essential oils) as exhibiting antiparasitic, anticancer and anti-inflammatory action in addition to

antioxidant, wound healing, antinociceptive, immunoregulation, hepatoprotective, neuroprotective, anti-asthmatic,

antidiabetic, antihypertensive, anti-adipogenic, anti-ulcerogenic, antiviral, antibacterial, antifungal, and anti-osteoporotic

activities .

The search for bioactive compounds responsible for these biological activities has led to Artemisia species are privileged

sources of compounds with highly diversified structures that exhibit a high level and diversity of biological activities,

providing the basis for the development of new drugs, some of which are already used in clinical therapeutics 

.

The Artemisia secondary metabolites belong to the several organic compounds families   such as terpenoids

, mostly monoterpenes in essential oils  and sesquiterpene lactones , flavonoids , lignans

, alkaloids , steroids , phenolic acids  and coumarins , all of them well known for their

large range of biological activities.

Given the large number of papers published on the theme of health effects of products related to Artemisia species all

publications related to in vitro studies were excluded from this review.

2. Use of Artemisia Species as Food, Spices, Condiments and Beverages

In addition to the traditional medicine applications, Artemisia species exhibit high food value since many of them are

species used in culinary. The most extensive use of Artemisia species as food is found in the countries of Europe, Asia

(Japan, Korea, China and India) as well as in North America.

Table 1. Application of Artemisia species as food, spices, condiments and beverages.

Species Common Name Distribution *
Edible
Part

Use Ref.

Artemisia
abrotanum L.

Southernwood S. Europe
Young

shoots

Flavoring cakes,

salads and vinegars;

herb tea

A. absinthium
Mugwort, common

wormwood,

absinthe

Europe, Asia Herb

Spice; flavoring beer,

wine, vermouth,

absinthe, liquors and

aperitifs; pelinkovac

A. afra African wormwood Africa Herb

Flavoring;

preparation of

vermouth; as a tea
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Artemisia alba
Turra (syn. A.
camphorata Vill.)

Camphor absinthe

S. Europe, C.

Europe, N.W.

Africa

Herb Spice and flavoring

A. annua
Qing Hao, Sweet

sagewort

S.E. Europe to

W. Asia.
Leaves

Essential oil in the

leaves is used as a

flavoring in spirits

such as vermouth;

as a vegetable

Artemisia
arborescens
(Vaill.) L.

Silver wormwood
N. Africa, S.

Europe
Herb

Spice added to the

green tea prepared

by Moroccans

Artemisia argyi
H. Lév. & Vaniot

Aicao, Gaiyou,

Seomae mugwort

N. Asia, N.

Europe, N.

America

Leaves,

buds,

herb

As a tea or other

forms of food

supplements; dried

leaves as a flavoring

and colorant for the

Chinese dish

Qingtua

Artemisia
balchanorum
Krasch.

  Turkmenia Herb Spice; potherb

Artemisia
capillaris Thunb.

Yin Chen Hao
E. Asia—China,

Japan, Korea

Leaves,

stems,

shoots

Soaked and boiled

eaten as food

supplements in times

of famine

Artemisia
carvifolia Buch.-

Ham. ex Roxb.

 

E. Asia—China,

Japan,

Himalayas

Leaves

Flavoring for tea and

coffee; Young plants

—cooked in the

spring

Artemisia
dracunculoides
Pursh.

Russian Tarragon,

Tarragon, French

Tarragon

N. America. N.

Europe. N. Asia

—Siberia

Leaves,

seeds

Leaves—raw in

salads; The N.

American Indians

bake the leaves

between hot stones

and then eat them

with salt water; Seed

—raw or cooked as

an oily texture.
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A. dracunculus
Tarragon, French

Tarragon

S. Europe to W.

Asia.

Leaves,

young

shoots

Leaves—raw or

used as a flavoring

in soups, oily foods,

salads, vinegar, etc.;

The young shoots

can also be cooked

and used as a

potherb

Artemisia frigida
Willd.

Fringed

Wormwood, Prairie

sagewort

N. America, N.

Asia.
Leaves

The leaves are used

by the Hopi Indians

as a flavoring for

sweet corn

A. genipi.

Genepi, black

wormwart, black

wormwood, génépi

noir

S. Europe

Leaves,

flower

heads

Spice, flavoring for

liqueurs

Artemisia
glacialis L.

Glacier wormwood C. Europe

Herb,

flower

heads

Flavoring in

vermouth and

liqueurs

Artemisia
granatensis
Boiss.

  Spain Herb Herb tea

Artemisia herba-
alba Asso

 

Africa,

Mediterranean

area

Herb
Herb tea; Flavoring

tea and coffee

Artemisia indica
Willd.

 
E. Asia—China,

Japan, India.
Leaves

Young leaves—

cooked and eaten

with barley; the

leaves pounded with

steamed rice

dumplings to give a

flavor and coloring

Artemisia
japonica Thunb.

 
E. Asia—China,

Japan, Korea.

Young

leaves

Raw as a vegetable

or cooked

Artemisia
keiskeana Miq.

 

E. Asia—China,

Japan, Korea,

E. Russia.

Leaves,

shoot tips
Cooked

Artemisia
ludoviciana Nutt.

White Sage,

Louisiana Sage,

Prairie Sage,

Western Mugwort

N. America

Leaves,

flowering

heads

Flavoring or garnish

for sauces, gravies,

etc.; Used like

absinthe; herb tea
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Artemisia
maritima L.

Sea Wormwood
Europe, E.

Asia, C. Asia.
Leaves

Spice; flavoring in

some Danish

schnapps, beer and

liqueurs

Artemisia
montana (Nakai.)

Pamp.

 
E. Asia—China,

Japan.
Leaves

Young leaves—

cooked; herb tea

Artemisia pallens
Wall. ex DC.

Davana
N.E. India,

Thailand
Herb

Spice; flavoring for

cakes, pastries,

candy, chewing gum,

ice cream,

beverages, tobacco;

for production of

essential oil (davana

oil)

Artemisia pontica
L.

Roman

wormwood; Small

absinthe

S.E. Europe to

Siberia, C. Asia

Leaves,

herb

Spice, flavoring, like

A. absinthium

A. princeps
Mugwort mochi,

Yomogi

E. Asia—China,

Japan, Korea.

Leaves,

young

seedlings

Raw or cooked in

salads and soups;

for flavoring and

coloring of rice

dumplings (‘mochi’)

Artemisia
schmidtiana
Maxim.

Sagebrush,

Silvermound,

Wormwood,

Mugwort

E. Asia—

Japan.
Stems

Cooked; for flavoring

and coloring of rice

dumplings (‘mochi’)

Artemisia
sphaerocephala
Krasch.

  China Seed

Seed powder added

to noodles and other

traditional Chinese

foods to improve

sensory qualities

such as elasticity

and chewing quality

Artemisia tilesii
Ledeb.

Wormwood,

Tilesius’

wormwood

E. Asia, N.W.

America.

Leaves,

shoots

The fresh shoots are

peeled and eaten,

usually with oil;

Flavoring rice

dumplings
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Artemisia
tridentata Nutt.

Sage Brush, Big

sagebrush,

Bonneville big

sagebrush

N. America
Leaves,

seeds

Leaves—cooked, as

a condiment and to

make a tea with

sage-like flavor;

Seed—can be

roasted then ground

into a powder and

mixed with water or

eaten raw

A. umbelliformis
(syn. A. mutellina
Vill.)

Alpine Wormwood
Europe—Alps,

N. Apennines

Herb,

leaves,

flower

heads

As a condiment;

preparation of a tea

and a liqueur, often

with the addition of

absinthe

Artemisia
vallesiaca All.

Alpine Wormwood,

Valais wormwood

Europe—N.

Italy,

Switzerland, S.

E. France

Herb

Flavoring for

liqueurs; product of

santonin

A. vulgaris

Mugwort, Common

wormwood, Felon

Herb,

Chrysanthemum

Weed, Wild

Wormwood

Temperate

regions of

Europe and

Asia

Leaves,

young

shoots,

flowering

tops

Flavoring fatty foods;

to give color and

flavor to rice

dumplings (‘mochi’);

as a potherb;

flavoring in beer and

liqueurs

Artemisia wrightii
A. Gray.

  N. America
Leaves,

seeds

Raw or cooked—an

oily texture; Seed—

ground with water,

made into balls and

steamed

The flavoring use of an Artemisia species is worldwide and especially of A. dracunculus (French tarragon, German

tarragon, true tarragon or estragon) and closely related A. dracunculoides (Russian tarragon). Additionaly, many Artemisia
species are applied in the preparation of different non-alcoholic beverages, giving them a bitter taste and alleged tonic

properties. Thus, A. absinthium, A. abrotanum, A. agryi, A. ludoviciana, A. montana, A. tridentata, A. granatensis, etc. are

consumed as herbal tea with digestive properties. Silver wormwood (A. arborescens) and A. herba-alba are added to the

green tea or the coffee in North Africa  and A. carvifolia has the same use in Asia . Tarragon (A. dracunculus) is

an ingredient of Georgian carbonated soft drink called Tarkhuna . A. maritima, A. abrotanum, A. absinthium, A. vulgaris,

etc. (Table 1) have been applied as a flavoring ingredient in beer production before the common application of hops.

Undoubtedly, the most famous Artemisia species employed in alcoholic drinks is A. absinthium, among which two are

most noteworthy: vermouth and absinthe. Vermouth is a low alcoholic drink prepared from wine and a cocktail of botanical

ingredients with A. absinthium as a principal component . There are similar drinks in some countries of the Balkan

Peninsula—pelin in Bulgaria  and vin pelin in Romania . The spirit drink absinthe was created in French-speaking

Switzerland in the late eighteenth century  and is produced by macerating A. absinthium leaves, anise and fennel

seeds in alcohol (85 vol%) . Wormwood (A. absinthium) is also used for the preparation of a bitter liqueur with lower

content of alcohol (28–35 vol%) called pelinkovac (pelinkovec, pelinovec, pelen or pelin) and popular in Croatia, Serbia,

Montenegro, Bosnia-Herzegovina, North Macedonia as well as in Slovenia .
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Another popular herbal liqueurs in which Artemisia species present are genepy or génépi (A. genipi and related taxa such

as A. glacialis and A. umbelliformis)  and ratafia (A. abrotanum, A. absinthium, A. arborescens and Artemisia
chamaemelifolia Vill. .

3. Nutritional Value of Artemisia Species

As demonstrated above Artemisia species are widely consumed by human as a traditional food, a tea and dietary

supplements, owing to the fact that they are rich in fatty acids, carbohydrates, dietary fiber, protein, essential amino acids,

vitamins and minerals as demonstrated in Table 2.

Table 2. Nutritional composition of some edible Artemisia species.

Plant Species Plant Part Nutrient Composition * Ref.

A. absinthium Oil cake ** Sugars (9.4%)
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Plant Species Plant Part Nutrient Composition * Ref.

A. annua

Leaves

Protein (27.1%); TAA (27.6%), EAA (16.1%), NEAA (11.5%);

Crude fat (8.34%);

Minerals: K (26.3 mg/g DM), Ca (11.5 mg/g DM), Mg (7.1 mg/g

DM), P (7.1 mg/g DM), S (3.9 mg/g DM), Fe (0.2 mg/g DM), Mn

(0.2 mg/g DM), Zn (0.06 mg/g DM);

Vitamin A (<0.3 μg/100 g DM); Vitamin E (22.63 mg/kg)

Inflorescence

Protein (18.4%);

Crude fat (10.5%); TAA (18.3%), EAA (10.14%), NEAA (8.11%);

Minerals: K (24.6 mg/g DM), Ca (4.4 mg/g DM), Mg (2.3 mg/g

DM), P (3.4 mg/g DM), S (4.6 mg/g DM), Fe (0.2 mg/g DM), Mn

(0.3 mg/g DM), Zn (0.06 mg/g DM);

Vitamin A (<0.3 μg/100 g DM); Vitamin E (19.38 mg/kg)

Stems

Protein (10.7%);

Crude fat (2.60%); TAA (10.3%), EAA (5.91%), NEAA (4.38%);

Minerals: K (13.3 mg/g DM), Ca (0.9 mg/g DM), Mg (0.9 mg/g

DM), P (0.7 mg/g DM), S (0.5 mg/g DM), Fe (0.7 mg/g DM), Mn

(0.02 mg/g DM), Zn (0.08 mg/g DM);

Vitamin A (<0.3 μg/100 g DM); Vitamin E (1.19 mg/kg)

Roots

Protein (8.23%);

Crude fat (2.13%); TAA (8.01%), EAA (4.34%), NEAA (3.66%);

Minerals: K (11.1 mg/g DM), Ca (11.5 mg/g DM), Mg (7.1 mg/g

DM), P (7.1 mg/g DM), S (3.9 mg/g DM), Fe (0.2 mg/g DM), Mn

(0.2 mg/g DM), Zn (0.06 mg/g DM)

Vitamin A (<0.3 μg/100 g DM);

Vitamin E (1.36 mg/kg)

Leaves

Protein (24.37 mg/100 g);

Crude fat (6.07%); TFA (4.19 mg/g FW), SFA (22.9%), UFA

(77.1%), MUFA (8.4%), PUFA (68.7%)

Carbohydrates (8%);

Fibre (14.2%);

Vitamins: Tocopherol (2.74%)

Achene
Lipids: SFA (29.21%), UFA (70.87%), MUFA (13.99%), PUFA

(56.88%)

A. arborescens Leaves
Lipids: TFA (3.31 mg/g FW), SFA (47.4%), UFA (52.6%), MUFA

(16.3%), PUFA (36.3%)
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Plant Species Plant Part Nutrient Composition * Ref.

A. argyi Leaves

Protein (22.0 mg/g FW); Free amino acids: EAA (3.71 mg/g DW),

NEAA (2.42 mg/g DW), FAA (6.13 mg/g DW);

Total lipid (24.7 mg/g FW); SFA (40.8%), MUFA (7.1%), PUFA

(52.1%);

Total carbohydrates (52.3 mg/g FW);

Dietary fiber (39.9 mg/g FW);

Minerals: K (74.22 mg/100 g FW), Ca (14.74 mg/100 g FW), Mg

(36.64 mg/100 g FW), Zn (0.89 mg/100 g FW), Cu (0.13 mg/100

g FW), Mn (0.76 mg/100 g FW), Fe (3.15 mg/100 g FW);

Vitamin C (total ascorbic acid) 2.09 mg/g DW

A. austriaca Jacq. Achene
Lipids: SFA (47.43%), UFA (49.02%), MUFA (9.65%), PUFA

(39.37%)

A. campestris L.

Leaves
Lipids: TFA (10.22 mg/g FW), SFA (21.0%), UFA (79.0%), MUFA

(3.6%), PUFA (75.3%)

Aerial Crude protein (115 mg/g DM)

A. camphorata Vill. Leaves
Lipids: TFA (14.82 mg/g FW), SFA (37.4%), UFA (62.6%), MUFA

(8.3%), PUFA (54.3%)

A capilaris Leaves
Lipids: TFA (6.01 mg/g FW), SFA (16.0%), UFA (84.0%), MUFA

(4.7%), PUFA (79.4%)

A. frigida Aerial

Crude protein (17.9%);

Minerals: K (18.34 mg/g DM), Ca (7.46 mg/g DM),P (2.54 mg/g

DM), Mg (2.17 mg/g DM), Cu (1.1 mg/100 g DM), Mn (24 mg/100

g DM), Fe (20.0 mg/100 g DM) Zn (1.9 mg/100 g DM); Na (5

mg/100 g DM)

A. glacialis Leaves
Lipids: TFA (8.95 mg/g FW), SFA (21.6%), UFA (78.4%), MUFA

(6.8%), PUFA (71.6%)

A. gmellini Weber ex

Stechm.
Leaves

Lipids: TFA (14.11 mg/g FW), SFA (25.5%), UFA (74.5%), MUFA

(4.5%), PUFA (70.0%)

A. herba-alba Aerial
Crude protein (103.4–153.6 mg/g DM); Crude fibre (407.9 mg/g

DM)

A. jacutica Drobow Leaves Lipids: SFA (61.21–68.12%), UFA (31.88–38.79%)

A. ludoviciana Leaves
Lipids: TFA (14.28 mg/g FW), SFA (19.6%), UFA (80.4%), MUFA

(5.3%), PUFA (75.1%)
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Plant Species Plant Part Nutrient Composition * Ref.

A. macrocephala Jaq. ex

Bess
Leaves Lipids: UFA (50.80–65.22%), SFA (34.78–49.20%).

A. oleandica (Besser)

Krasch
Leaves

Lipids: TFA (9.84 mg/g FW), SFA (17.6%), UFA (82.4%), MUFA

(4.7%), PUFA (77.7%)

A. princeps

Leaves
Lipids: TFA (6.49 mg/g FW), SFA (20.2%), UFA (79.8%), MUFA

(5.7%), PUFA (74.1%)

Leaves

Lipids: SFA (27.5%), MUFA (35.1%), PUFA (37.4%);

Free amino acids: EAA (3.19 mg/g DW), NEAA (2.42 mg/g DW),

FAA (5.61 mg/g DW);

Vitamin C (total ascorbic acid) 1.01 mg/g DW;

A. santolinifolia Turcz. ex

Bess
Leaves

Lipids: SFA (51.8–65.02%), PFA (9.74–44.14%), MFA (4.06–

30.85%)

A. santonicum L. Achene
Lipids: SFA (43.70%), UFA (56.33%), MUFA (8.26%), PUFA

(48.07%)

A. sieberi Besser Aerial

Crude protein (55 mg/g DM);

Crude fiber (484 mg/g DM);

Minerals: K (13.1 mg/g DM), Ca (15.9 mg/g DM),P (2.5 mg/g

DM), Mg (1.8 mg/g DM), Cu (1.37 mg/100 g DM), Mn (2.26

mg/100 g DM), Fe (20.0 mg/100 g DM) Zn (21.2 mg/100 g DM)

A. sieversiana Ehrh. ex

Willd
Leaves Lipids: UFA (64.11–73.23%), SFA (26.77–35.89%)

A. sphaerocephala Seed Carbohydrate (73%)

A. stelleriana Bess Leaves
Lipids: TFA (17.78 mg/g FW), SFA (70.2%), UFA (29.8%), MUFA

(1.3%), PUFA (28.4%)

A. tridentata subsp.

wyomingensis Beetle &

A.L.Young

Leaves Crude protein (15.7%)

A. vallesiaca Leaves
Lipids: TFA (5.27 mg/g FW), SFA (17.1%), UFA (82.9%), MUFA

(9.3%), PUFA (73.6%)

A. vulgaris Leaves
Lipids: TFA (13.32 mg/g FW), SFA (15.2%), UFA (84.8%), MUFA

(3.7%), PUFA (81.1%)

* Free (FAA), essential (EAA) and non-essential (NEAA) amino acids; total (TFA), saturated (SFA), unsaturated (UFA),

monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids; DW—dry weight; FW—fresh weight; DM—dry matter.

** Oil cake remaining after the extraction of essential oil.
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4. Therapeutic Uses of Artemisia Species Based on Clinical Trials

Encouraged by long traditional use of many Artemisia species for treatment of various ailments, research into their

pharmacological effects has been carried out and seem to support the traditional applications . In this regard,

Artemisia species and their biologically active compounds have already been introduced as antimalarial, antioxidant,

cytotoxic, antispasmodic, anthelmintic, antinociceptive, neuroprotective, anti-inflammatory, and antimicrobial agents,

among others . It is noteworthy that although Artemisia species have been intensively studied in vitro as cytotoxic

agents, there are no reports on their clinical evaluation for cancer therapy in humans . However, one report by Saeed et

al. showed that supplementing pet food with an A. annua formulation (Luparte ) clearly improved survival prognosis in

veterinary treatment of small tumors .

Nevertheless, clinical evaluations of Artemisia species for a range of other diseases have been carried out . The effect

of A. annua in traditional medicine in China for treating fever, inflammation and malaria  have been evaluated in clinical

trials for stiffness and functional limitation associated with osteoarthritis of the hip and knee, pain management,

experimental heterophyid infection and treatment of malaria .

Artemisia dracunculus has been used for glycemic control, insulin sensitivity, and insulin secretion  and likewise, A.
princeps was evaluated for the same effects in subjects with impaired fasting glucose and mild-type 2 diabetes  and A.
absinthium in the control of diabetes type 2 .

Ointments and liniments of A. absinthium can be effective in the treatment of knee osteoarthritis . Based on the

suppressor activity of A. absinthium compounds on tumor necrosis factor alpha (TNF-α) and other interleukins , Krebs

et al.  established the curative effect of this Artemisia species in patients with Crohn’s disease. There was

improvement in symptoms after treatment with dried powder of the plant together with a conventional therapy, and a

cardamonin present in the plant was considered responsible for the anti-inflammatory activity.

In addition to being widely used clinically to treat itching in icteric and dialytic patients, owing to its anti-histaminic and anti-

allergenic effects, A. vulgaris (mugwort) lotion has also provided good results in patients with post-burn hypertrophic scars

.

Recently, the preventive effect on hepatitis B cirrhosis of A. capillaris decoction combined with the entecavir has been

evaluate by a randomized, double-blind and placebo controlled clinical trial (Chinese Clinical Trial Registry:

ChiCTR1900021521), to assess its efficacy and safety .

Artemisia annua and A. vulgaris are the species of the genus that produce the highest levels of allergens in their pollen,

being one of the main causes of seasonal allergic rhinitis ("hayfever"). Lou et al.  carried out a phase III clinical trial

(ClinicalTrials.gov identifier: NCT03990272) from March 2017 (approximately 4 months before the local natural Artemisia
pollen season) to October 2017, involving patients from 13 centres across Northern China. The aim was to test the

efficacy and safety of sublingual immunotherapy (SLI) with drops of A. annua for allergic rhinitis related to this plant.

Results indicated that A. annua was a safe and significantly effective therapy. However, longer term follow-up is required,

particularly to determine the mechanism of action.

Based in previous study where Xiao et al.  demonstrated using in vivo models, the ability of A. ordosica Krasch.

extracts to control the allergic inflammatory response in rhinitis, clinical trials using nasal spray preparations of A.
abrotanum containing its essential oils and flavonols have been performed with good results .

Munyangi et al.  published a randomized controlled clinical trial reporting far superior cure rates of A. afra and A.
annua infusions than with artemisinin combination therapy (artesunate—amodiaquine), in the treatment of malaria.

Contrastingly, a recent review by Toit and van der Kooy  concluded that tea infusions do not have in vitro activity, and in

fact contain no artemisinin. Another randomized large-scale double-blind controlled trial on A. annua and A. afra tea vs.

praziquantel for the treatment of schistosomiasis was documented by Munyangi et al. . Controversially, Gillibert found

scientific and ethical issues such as the article on schistosomiasis referring to the same ethics committee registration

number as the malaria article .

Sensitive skin was initially believed to be an unusual reaction occurring in only a small subset of individuals. However,

during recent decades, it has been shown to affect half the population of the world . Accordingly, extensive in vitro,

preclinical, and clinical research with artemisinin and its derivatives has been undertaken, notably into their anti-

inflammatory, immunomodulatory and antioxidant properties . Yu et al.  tested the effectiveness of cosmetics

containing A. annua extract in repairing sensitive skin. In this study, the xylene-induced ear swelling and human clinical

efficacy tests were used, and the authors found that applications containing A. annua extract can inhibit inflammation,
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repair the skin barrier, improve damaged skin, and reduce redness and other sensitive skin symptoms. Aside from this, its

leaves are eaten in salads in some Asian countries and in the United States, and several companies currently sell ground

leaves and their extracts as dietary supplements .

5. Some Sesquiterpene Lactones Constituents of Artemisia Species with
High Clinical Relevance

The pharmaceutical industry has always been interested in the secondary metabolites produced by plants, for the

treatment of diseases, in cosmetics, dyes, fragrances and flavorings . The Artemisia species are well known by its

content of sesquiterpene lactones . These family of compounds have been studied and reveal high therapeutic

potential . Here are presented some of the most studied and promise sesquiterpene lactones constituents of

edible Artemisia species (does not intent to be an exhaustive list) which, due to its medicinal properties discussed above,

could contributes to the benefits effects of the Artemisia species. Sesquiterpene lactones such as arglabin parthenolide,

cynaropicrin, helenalin, costunolide and thapsigargin identified in species of the genus Artemisia  and other

genera, exhibit high pharmacological potential, including in in vivo studies and clinical trials, as demonstrated and

discussed very recently . So, they will not be considered in this work. The most recent and relevant experimental

evidence of other sesquiterpene lactones medical potential will be highlighted discussed below. In this selection, was

considerate mainly the in vivo and clinical studies, once they are the last steps of new drugs development and their results

are the most significant to drug development.

The chemical structures of the selected sesquiterpene lactones discussed below are indicated in the Figure 1.

Figure 1. Chemical structures of some sesquiterpene lactones constituents of edible Artemisia sp. and derivatives with

pharmacological relevance.

Concerning the Artemisia constituents, clinical and in vivo studies involving artemisinin and its derivatives show them as

efficient antimalarial and anticancer agents. Additionally, the additive or synergistic interactions of artemisinin and

derivatives in combination with a wide array of clinically established drugs to combat different cancer are highlighted. The

high therapeutic potential is evident in the WHO proposal to investigate artemisinin and derivatives as well as A. annua to

the treatment of Covid-19 infection. In addition to artemisinin and its derivatives, other sesquiterpene lactones isolated

from different species of Artemisia, such as santonin, achillin and tehranolide, have been the target of further studies with

a view to the development of new derivatives and their application as medicines. These compounds exhibit very

interesting activities, in in vivo models, such as immunosuppressant and anti-inflammatory and potent antinociceptive

effect. Achillin acts as a meiotic inhibitor and smooth muscle cell relaxant, properties very relevant to improve human

embryonic development in-vitro fertilization procedures and to treat asthma and chronic obstructive pulmonary disease,

respectively.

[123]

[124]

[40][41][43][50]

[125][126]

[40][41][50][125]

[126]



References

1. The Plant List, a Working List of All Plant Species. Available online: http://www.theplantlist.org/tpl1.1/search?
q=Artemisia (accessed on 24 June 2020).

2. Vallès, J.; Garcia, S.; Hidalgo, O.; Martín, J.; Pellicer, J.; Sanz, M.; Garnatje, T. Biology, genome evolution,
biotechnological issues and research including applied perspectives in Artemisia (Asteraceae). In Advances in
Botanical Research; Kader, J.-C., Delseny, M., Eds.; Academic Press: Burlington, NJ, USA, 2011; Volume 60, pp. 349–
419, ISBN 978-0-12-385851-1.

3. Hussain, A.; Potter, D.; Kim, S.; Hayat, M.Q.; Bokhari, S.A. Molecular phylogeny of Artemisia (Asteraceae-
Anthemideae) with emphasis on undescribed taxa from Gilgit-Baltistan (Pakistan) based on nrDNA (ITS and ETS) and
cpDNA (psbA-trnH) sequences. Plant Ecol. Evol. 2019, 152, 507–520, doi:10.5091/plecevo.2019.1583.

4. Taleghani, A.; Emami, S.A.; Tayarani-Najaran, Z. Artemisia: A promising plant for the treatment of cancer. Bioorganic
Med. Chem. 2020, 28, 115180, doi:10.1016/j.bmc.2019.115180.

5. Verloove, F.; Andeweg, R. Artemisia princeps L. (Asteraceae), an overlooked invasive Far Eastern weed in Western
Europe. Gorteria 2020, 42, 1–18.

6. Boršić, I.; Milović, M.; Dujmović, I.; Bogdanović, S.; Cigić, P.; Rešetnik, I.; Nikolić, T.; Mitić, B. Preliminary check-list of
inva-sive alien plant species (IAS) in Croatia. Nat. Croat. 2008, 17, 55–71.

7. Ekiert, H.; Pajor, J.; Klin, P.; Rzepiela, A.; Ślesak, H.; Szopa, A. Significance of Artemisia vulgaris L. (Common
Mugwort) in the History of Medicine and Its Possible Contemporary Applications Substantiated by Phytochemical and
Pharmacological Studies. Molecules 2020, 25, 4415, doi:10.3390/molecules25194415.

8. Nadeem, M.; Shinwari, Z.K.; Qaiser, M. Screening of folk remedies by genus Artemisia based on ethnomedicinal
surveys and traditional knowledge of native communities of Pakistan. Pak. J. Bot. 2013, 45, 111–117.

9. Sadiq, A.; Hayat, M.Q.; Ashraf, M. Ethnopharmacology of Artemisia annua L.: A review. In Artemisia Annua—
Pharmacology and Biotechnology; Aftab T., Ferreira J., Khan M., Naeem M., Eds.; Springer: Berlin/Heidelberg,
Germany, 2014, doi:10.1007/978-3-642-41027-7_.2.

10. Vouillamoz, J.F.; Carlen, C.; Taglialatela-Scafati, O.; Pollastro, F.; Appendino, G. The génépi Artemisia species.
Ethnophar-macology, cultivation, phytochemistry, and bioactivity. Fitoterapia 2015, 106, 231–241,
doi:10.1016/j.fitote.2015.09.007.

11. Dib, I.; Angenot, L.; Mihamou, A.; Ziyyat, A.; Tits, M. Artemisia campestris L.: Ethnomedicinal, phytochemical and
pharma-cological review. J. Herb. Med. 2017, 7, 1–10, doi:10.1016/j.hermed.2016.10.005.

12. Ahuja, A.; Yi, Y.-S.; Kim, M.-Y.; Cho, J.Y. Ethnopharmacological properties of Artemisia asiatica: A comprehensive
review. J. Ethnopharmacol. 2018, 220, 117–128, doi:10.1016/j.jep.2018.03.032.

13. Abiri, R.; Silva, A.L.M.; De Mesquita, L.S.S.; De Mesquita, J.W.C.; Atabaki, N.; De Almeida, E.B.; Shaharuddin, N.A.;
Malik, S. Towards a better understanding of Artemisia vulgaris: Botany, phytochemistry, pharmacological and
biotechnological po-tential. Food Res. Int. 2018, 109, 403–415, doi:10.1016/j.foodres.2018.03.072.

14. Kumar, A.; Aswal, S.; Semwal, R.B.; Chauhan, A.; Semwal, D.K. Insights on the pharmacological, phytochemical and
eth-nobotanical aspects of Artemisia roxburghiana: A rather less explored but therapeutically important species of lower
Hima-layas. Phytochem. Rev. 2019, 18, 199–214, doi:10.1007/s11101-018-9589-6.

15. Du Toit, A.; Van Der Kooy, F. Artemisia afra, a controversial herbal remedy or a treasure trove of new drugs? J.
Ethnophar-macol. 2019, 244, 112127, doi:10.1016/j.jep.2019.112127.

16. Septembre-Malaterre, A.; Rakoto, M.L.; Marodon, C.; Bedoui, Y.; Nakab, J.; Simon, E.; Hoarau, L.; Savriama, S.;
Strasberg, D.; Guiraud, P.; et al. Artemisia annua, a Traditional Plant Brought to Light. Int. J. Mol. Sci. 2020, 21, 4986,
doi:10.3390/ijms21144986.

17. Szopa, A.; Pajor, J.; Klin, P.; Rzepiela, A.; Elansary, H.O.; Al-Mana, F.A.; Mattar, M.A.; Ekiert, H. Artemisia absinthium L.
—Importance in the History of Medicine, the Latest Advances in Phytochemistry and Therapeutical, Cosmetological
and Culinary Uses. Plants 2020, 9, 1063, doi:10.3390/plants9091063.

18. Feng, X.; Cao, S.; Qiu, F.; Zhang, B.-L. Traditional application and modern pharmacological research of Artemisia
annua L. Pharmacol. Ther. 2020, 216, 107650, doi:10.1016/j.pharmthera.2020.107650.

19. Batiha, G.E.-S.; Olatunde, A.; El-Mleeh, A.; Hetta, H.F.; Al-Rejaie, S.; Alghamdi, S.; Zahoor, M.; Beshbishy, A.M.;
Murata, T.; Zaragoza-Bastida, A.; et al. Bioactive Compounds, Pharmacological Actions, and Pharmacokinetics of
Wormwood (Artemisia absinthium). Antibiotics 2020, 9, 353, doi:10.3390/antibiotics9060353.

20. Liu, N.; Van Der Kooy, F.; Verpoorte, R. Artemisia afra: A potential flagship for African medicinal plants? South Afr. J.
Bot. 2009, 75, 185–195, doi:10.1016/j.sajb.2008.11.001.



21. Semenya, S.S.; Maroyi, A. Ethnobotanical study of curative plants used by traditional healers to treat rhinitis in the
Limpopo Province, South Africa. Afr. Health Sci. 2018, 18, 1076–1087, doi:10.4314/ahs.v18i4.29.

22. Native American Ethnobotany. Available online: http://naeb.brit.org/uses/search/?string=Artemisia+dracunculus
(accessed on 14 October 2020).

23. Nabimeybodi, R.; Zareshahi, R.; Tansaz, M.; Dastjerdi, M.V.; Hajimehdipoor, H. Scientific Evaluation of Medicinal Plants
Used for the Treatment of Cervicitis (Qorohe- Rahem) in Iranian Traditional Medicine. Iran. J. Pharm. Res. 2019, 18,
1884–1901.

24. Native American Ethnobotany. Available online: http://naeb.brit.org/uses/search/?string=Artemisia+vulgaris (accessed
on 14 October 2020).

25. Xiao, B.; Wang, J.-H.; Zhou, C.-Y.; Chen, J.-M.; Zhang, N.; Zhao, N.; Han, X.-Y.; Niu, Y.-X.; Feng, Y.-B.; Du, G.-H. Eth-
no-medicinal study of Artemisia ordosica Krasch. (traditional Chinese/Mongolian medicine) extracts for the treatment of
al-lergic rhinitis and nasosinusitis. J. Ethnopharmacol. 2020, 248, 112262, doi:10.1016/j.jep.2019.112262.

26. Xiao, B.; Bai, J.J.; Qi, L.; Lu, L.S.; Tian, X.R.; Yin, J.; Su, Y.X. Research progress on resource distribution, chemical
components, and pharmacological activities of Artemisia ordosica Krasch. J. Chin. Pharm. 2016, 13, 1862–1864.

27. Native American Ethnobotany. Available online: http://naeb.brit.org/uses/search/?string=Artemisia+tripartita (accessed
on 14 October 2020).

28. Calderone, V.; Martinotti, E.; Baragatti, B.; Breschi, M.C.; Morelli, I. Vascular effects of aqueous crude extracts of
Artemisia verlotorum Lamotte (Compositae): In vivo and in vitro pharmacological studies in rats. Phytotherapy Res.
1999, 13, 645–648, doi:10.1002/(sici)1099-1573(199912)13:83.0.co;2-m.

29. Hussain, A. Distribution and Molecular Phylogeny of Artemisia Plants from Gilgit-Baltistan, Pakistan. Ph.D. Thesis,
Universi-ty of International Islamic University Islamabad, Islamabad, Pakistan, March 2019, pp. 69–70. Reg. No. 31-
FBAS/PHDBT/F14. Available online: http://prr.hec.gov.pk/jspui/handle/123456789/11070 (accessed on 15 October
2020).

30. World Health Organization. WHO Global Report on Traditional and Complementary Medicine 2019; WHO Press:
Geneva, Swit-zerland, 2019; Licence: CC BY-NC-SA 3.0 IGO.

31. Miller, F.G.; Emanuel, E.J.; Rosenstein, D.L.; Straus, S.E. Ethical Issues Concerning Research in Complementary and
Alterna-tive Medicine. JAMA 2004, 291, 599, doi:10.1001/jama.291.5.599.

32. Smith, K.; Ernst, E.; Colquhoun, D.; Sampson, W. ‘Complementary & Alternative Medicine’ (CAM): Ethical and policy
issues. Bioethics 2016, 30, 60–62, doi: 10.1111/bioe.12243.

33. Martinez, M.J.A.; Bedoya, L.M.; Apaza, L.; Bermejo, P. The Artemisia L. Genus: A Review of Bioactive Essential Oils.
Mole-cules 2012, 17, 2542–2566, doi:10.3390/molecules17032542.

34. Turi, C.E.; Shipley, P.R.; Murch, S.J. North American Artemisia species from the subgenus Tridentatae (Sagebrush): A
phy-tochemical, botanical and pharmacological review. Phytochemistry 2014, 98, 9–26,
doi:10.1016/j.phytochem.2013.11.016.

35. Wan, Y.-J.; Xia, J.-X.; Tang, L. Chemical constituents, biological activities and clinical applications of Artemisia
rupestris. Zhongguo Zhongyao Zazhi 2017, 42, 4565–4573.

36. Kefale, A.T.; Dabe, N.E. Antidiabetic effects of artemisia species: A systematic review. Anc. Sci. Life 2017, 36, 175–181,
doi:10.4103/asl.ASL_87_17.

37. Yalçinkaya, E.; Özgüç, S.; Aydinalp, A.; Zeybek, U. The importance of Artemisia annua L. in the anticancer activity
research. Ank. Univ. Eczacilik Fak. Derg. 2017, 41, 1–8, doi: 10.1501/Eczfak-0000000596.

38. Gondwe, M.; Mpalala, A.; Zongo, L.; Kamadyaapa, D.; Ndebia, E.; Sewani-Rusike, C.; Shauli, M.; Iputo, J. Investigation
of anti-inflammatory and antinociceptive effects of aqueous extracts of Artemisia afra in wistar rats. Asian J. Pharm.
Clin. Res. 2018, 11, 190–193, doi:10.22159/ajpcr.2018.v11i12.26298.

39. Koyuncu, I. Evaluation of anticancer, antioxidant activity and phenolic compounds of Artemisia absinthium L. extract.
Cell. Mol. Biol. 2018, 6, 25–34, doi: 10.14715/cmb/2018.64.3.5.

40. Martínez, M.J.A.; Del Olmo, L.M.B.; Ticona, L.A.; Benito, P.B. The Artemisia L. genus: A review of bioactive
sesquiterpene lactones. In Studies in Natural Products Chemistry; Elsevier B.V.: Amsterdam, The Netherlands, 2012;
Volume 37, Chapter 2, pp. 43–65, doi:10.1016/B978-0-444-59514-0.00002-X.

41. Ivanescu, B.; Miron, A.; Corciova, A. Sesquiterpene Lactones from Artemisia Genus: Biological Activities and Methods
of Analysis. J. Anal. Methods Chem. 2015, 2015, 1–21, doi:10.1155/2015/247685.

42. Mohamed, A.H.H.; El-Sayed, M.A.; Hegazy, M.E.; Helaly, S.E.; Esmail, A.M.; Mohamed, N.S. Chemical constituents
and biological activities of Artemisia herba-alba. Rec. Nat. Prod. 2010, 4, 1–25.



43. Bora, K.S.; Sharma, A. The Genus Artemisia: A Comprehensive Review. Pharm. Biol. 2011, 49, 101–109,
doi:10.3109/13880209.2010.497815.

44. Nigam, M.; Atanassova, M.; Mishra, A.P.; Pezzani, R.; Devkota, H.P.; Plygun, S.; Salehi, B.; Setzer, W.N.; Sharifi-Rad,
J. Bio-active Compounds and Health Benefits of Artemisia Species. Nat. Prod. Commun. 2019, 14, 1–17,
doi:10.1177/1934578x19850354.

45. Gruessner, B.M.; Cornet-Vernet, L.; Desrosiers, M.R.; Lutgen, P.; Towler, M.J.; Weathers, P.J. It is not just artemisinin:
Artemi-sia sp. for treating diseases including malaria and schistosomiasis. Phytochem. Rev. 2019, 18, 1509–1527,
doi:10.1007/s11101-019-09645-9.

46. Song, X.; Wen, X.; He, J.; Wang, J.; Li, S.; Wang, M. Phytochemical components and biological activities of Artemisia
argyi. J. Funct. Foods 2019, 52, 648–662, doi:10.1016/j.jff.2018.11.029.

47. Dib, I.; El Alaoui-Faris, F.E. Artemisia campestris L.: Review on taxonomical aspects, cytogeography, biological
activities and bioactive compounds. Biomed. Pharmacother. 2019, 109, 1884–1906, doi:10.1016/j.biopha.2018.10.149.

48. Liu, S.-J.; Liao, Z.-X.; Tang, Z.-S.; Cui, C.-L.; Liu, H.-B.; Liang, Y.-N.; Zhang, Y.; Shi, H.-X.; Liu, Y.-R. Phytochemicals
and biological activities of Artemisia sieversiana. Phytochem. Rev. 2017, 16, 441–460, doi:10.1007/s11101-016-9475-
z.

49. Koul B.; Khatri T. The Artemisia genus: Panacea to several maladies. In Bioactive Natural Products in Drug Discovery;
Singh, J., Meshram, V., Gupta, M., Eds.; Springer: Singapore, 2020; pp. 3–95, doi:10.1007/978-981-15-1394-7_1.

50. Zhang, L.; Lv, J. Phytochemistry and bioactivities of sesquiterpenoids from the Artemisia species. J. Chin. Pharm. Sci.
2017, 26, 317–334, doi:10.5246/jcps.2017.05.034.

51. Zhang, W.; Zhao, D.-B.; Li, M.-J.; Liu, X.-H.; Wang, H.-Q. Studies on flavonoid constituents from herbs of Artemisia
ordosica II. Zhongguo Zhongyao Zazhi 2006, 31, 1959–1961.

52. Nurbek, S.; Murata, T.; Suganuma, K.; Ishikawa, Y.; Buyankhishig, B.; Kikuchi, T.; Byambajav, T.; Davaapurev, B.-O.;
Sasa-ki, K.; Batkhuu, J. Isolation and evaluation of trypanocidal activity of sesquiterpenoids, flavonoids, and lignans in
Artemisia sieversiana collected in Mongolia. J. Nat. Med. 2020, 74, 750–757, doi:10.1007/s11418-020-01429-2.

53. Li, K.-M.; Dong, X.; Ma, Y.-N.; Wu, Z.H.; Yan, Y.-M., Cheng, Y.-X. Antifungal coumarins and lignans from Artemisia
annua. Fitoterapia 2019, 134, 323–328, doi: 10.1016/j.fitote.2019.02.022.

54. Labruzzo, A.; Cantrell, C.L.; Carrubba, A.; Ali, A.; Wedge, D.E.; Duke, S.O. Phytotoxic Lignans from Artemisia
arborescens. Nat. Prod. Commun. 2018, 13, 237–240, doi:10.1177/1934578x1801300302.

55. Wang, Q.; Gong, J.-H.; Hao, J.-S.; Xu, Y.-H. Structure Elucidation of a New Lignan Glycoside from Artemisia ordosica.
Chem. Nat. Compd. 2019, 55, 1007–1009, doi:10.1007/s10600-019-02880-8.

56. Rashid, M.U.; Alamzeb, M.; Ali, S.; Ullah, Z.; Shah, Z.A.; Naz, I.; Khan, M.R. The chemistry and pharmacology of
alkaloids and allied nitrogen compounds from Artemisia species: A review. Phytother. Res. 2019, 33, 2661–2684,
doi:10.1002/ptr.6466.

57. Giang, P.M.; Tran, T.T.N.; Phan, T.S.; Otsuka, H.; Matsunami, K. Two new sesquiterpene lactones and other chemical
con-stituents of Artemisia roxbughiana. Biochem. Syst. Ecol. 2012, 45, 115–119, doi:10.1016/j.bse.2012.07.027.

58. Megdiche-Ksouri, W.; Trabelsi, N.; Mkadmini, K.; Bourgou, S.; Noumi, A.; Snoussi, M.; Barbria, R.; Tebourbi, O.; Ksouri,
R. Artemisia campestris phenolic compounds have antioxidant and antimicrobial activity. Ind. Crop. Prod. 2015, 63,
104–113, doi:10.1016/j.indcrop.2014.10.029.

59. Souhila, T.; Zohra, B.F.; Tahar, H.S. Identification and quantification of phenolic compounds of Artemisia herba-alba at
three harvest time by HPLC–ESI–Q-TOF–MS. Int. J. Food Prop. 2019, 22, 843–852,
doi:10.1080/10942912.2019.1614051.

60. Seidemann, J. World Spice Plants: Economic Usage, Botany, Taxonomy; Springer-Verlag: Heidelberg, Germany, 2005,
ISBN 978-3-540-22279-8.

61. Allen, G. The Herbalist in the Kitchen; University of Illinois Press: Champaign, IL, USA, 2010, ISBN 025209039X.

62. Vaughan, J.; Geissler, C. The New Oxford Book of Food Plants, 2nd ed.; Oxford University Press: Oxford, UK, 2009,
ISBN 0191609498.

63. Kains, M.G. Culinary Herbs: Their Cultivation, Harvesting, Curing and Uses; Orange Judd Company: New York, NY,
USA, 1912.

64. Fern, K. Plants for a Future: Edible & Useful Plants for a Healthier World; Permanent Publications: East Meon, UK,
2000, ISBN 9781856230117.

65. Parada, M.; Carrió, E.; Vallès, J. Ethnobotany of food plants in the alt empordà region (Catalonia, Iberian peninsula). J.
Appl. Bot. Food Qual. 2011, 84, 11–25.



66. Wright, C.W. Artemisia. Medicinal and Aromatic Plants—Industrial Profiles; Taylor & Francis Ltd.: London, UK, 2003,
ISBN 0203303067.

67. Amidon, C.; Barnett, R.; Cathers, J.; Chambers, B.; Hamilton, L.; Kellett, A.; Kennel, E.; Montowski, J.; Thomas, M.A.;
Watson, B. Artemisia: An Essential Guide from The Herb Society of America; The Herb Society of America: Kirtland,
OH, USA, 2014.

68. Densmore, F. How Indians Use Wild Plants for Food, Medicine, & Crafts; Dover Publications: Mineola, NY, USA, 1974,
ISBN 0486406709.

69. Mladenova, O. Grapes and Wine in the Balkans: An Ethno-Linguistic Study; Harrassowitz Verlag: Wiesbaden,
Germany, 1998, ISBN 978-3447040372.

70. Koul, B.; Taak, P.; Kumar, A.; Khatri, T.; Sanyal, I. The Artemisia Genus: A Review on Traditional Uses, Phytochemical
Con-stituents, Pharmacological Properties and Germplasm Conservation. J. Glycom. Lipidom. 2018, 7, 1–7,
doi:10.4172/2153-0637.1000142.

71. Pieroni, A.; Quave, C.L. Ethnobotany and Biocultural Diversities in the Balkans: Perspectives on Sustainable Rural
Development and Reconciliation; Springer: New York, NY, USA, 2014, ISBN 9781493914920.

72. Tonutti, I.; Liddle, P. Aromatic plants in alcoholic beverages: A review. Flavour Fragr. J. 2010, 25, 341–350.

73. Kim, J.K.; Shin, E.C.; Lim, H.J.; Choi, S.J.; Kim, C.R.; Suh, S.H.; Kim, C.J.; Park, G.G.; Park, C.S.; Kim, H.K.; Choi,
J.H.; Song, S.W.; Shin, D.H. Characterization of nutritional composition, antioxidative capacity, and sensory attributes
of Seomae Mugwort, a native Korean variety of Artemisia argyi H. Lév. & Vaniot. J. Anal. Methods Chem. 2015, 2015,
916346, doi:10.1155/2015/916346.

74. Wang, J.; Seyler, B.C.; Ticktin, T.; Zeng, Y.; Ayu, K. An ethnobotanical survey of wild edible plants used by the Yi people
of Liangshan Prefecture, Sichuan Province, China. J. Ethnobiol. Ethnomedicine 2020, 16, 1–27, doi:10.1186/s13002-
019-0349-5.

75. Yanovsky, E. Food Plants of the North American Indians; U.S. Dept. of Agriculture: Washington, DC, USA, 1936.

76. Moerman, D.E. Native American Food Plants: An Ethnobotanical Dictionary; Timber Press Inc.: Portland, OR, USA,
2010, ISBN 9781604691894.

77. Pardo de Santayana, M.; Morales, R. Manzanillas ibéricas: Historia y usos tradicionales. Rev. Fitoter. 2006, 6, 143–
153.

78. Bezza, L.; Mannarino, A.; Fattarsi, K.; Mikail, C.; Abou, L.; Hadji-Minaglou, F.; Kaloustian, J. Composition chimique de
l’huile essentielle d’Artemisia herba-alba provenant de la région de Biskra (Algérie). Phytothérapie 2010, 8, 277–281,
doi:10.1007/s10298-010-0576-3.

79. Kunkel, G. Plants for Human Consumption: An Annotated Checklist of the Edible Phanerogams and Ferns; Koeltz
Scientific Books: Koenigatein, West Germany, 1984, ISBN 9783874292160.

80. Sanmi, S.; McCabe, S.; Satoko, I. Chado the Way of Tea: A Japanese Tea Master’s Almanac; Tuttle Publishing: North
Clarendon, VT, USA, 2005, ISBN 0804837163.

81. Xing, X.H.; Zhang, Z.M.; Hu, X.Z.; Wu, R.Q.; Xu, C. Antidiabetic effects of Artemisia sphaerocephala Krasch. gum, a
novel food additive in China, on streptozotocin-induced type 2 diabetic rats. J. Ethnopharmacol. 2009, 125, 410–416,
doi:10.1016/j.jep.2009.07.021.

82. Boggia, L.; Pignata, G.; Sgorbini, B.; Colombo, M.L.; Marengo, A.; Casale, M.; Nicola, S.; Bicchi, C.; Rubiolo, P.
Artemisia um-belliformis Lam. and Génépi Liqueur: Volatile Profile as Diagnostic Marker for Geographic Origin and to
Predict Liqueur Safety. J. Agric. Food Chem. 2017, 65, 2849–2856, doi:10.1021/acs.jafc.6b03394.

83. Morata, A.; Vaquero, C.; Palomero, F.; Loira, I.; Bañuelos, M.A.; Suárez-Lepe, J.A. Technology of vermouth wines. In
Alcoholic Beverages: Volume 7: The Science of Beverages; Elsevier Woodhead Publishing: Duxford, UK, 2019; pp.
35–63, ISBN 9780128152690.

84. How Prepare Peiln. Available online: https://www.bgfermer.bg/Article/4834261 (accessed on 10 August 2020).

85. Vin de Pelin—Preparare, Administrare, Indicații Terapeutice|LaTAIFAS. Available online: https://lataifas.ro/retete-
naturiste/vinuri-medicinale-retete-naturiste/22852/vin-de-pelin-preparare-indicatii-terapeutice/# (accessed on 10 August
2020).

86. Arnold, W.N. Absinthe. Sci. Am. 1989, 260, 112–117, doi:10.1038/scientificamerican0689-112.

87. Judžentiene, A. Wormwood (Artemisia absinthium L.) oils. In Essential Oils in Food Preservation, Flavor and Safety;
Elsevier Academic Press.: London, UK, 2016; pp. 849–856, ISBN 9780124166448.

88. Lachenmeier, D.W.; Walch, S.G.; Padosch, S.A.; Kröner, L.U. Absinthe—A Review. Crit. Rev. Food Sci. Nutr. 2006, 46,
365–377, doi:10.1080/10408690590957322.



89. Veretnova, O.Y.; Gulenkova, G.S.; Chepeleva, G.G.; Fedchenko, E.A.; Rybakova, G.R. Rationale and methods of the
use of Artemisia absinthium L., Ledum palustre L. and Tanacetum vulgare L. for food purposes. In IOP Conference
Series: Earth and Environmental Science; Institute of Physics Publishing: Bristol, England, 2020; Volume 421.

90. Brisibe, E.A.; Umoren, U.E.; Brisibe, F.; Magalhäes, P.M.; Ferreira, J.F.; Luthria, D.; Wu, X.; Prior, R.L. Nutritional
characteri-sation and antioxidant capacity of different tissues of Artemisia annua L. Food Chem. 2009, 115, 1240–
1246, doi:10.1016/j.foodchem.2009.01.033.

91. Carvalho, I.S.; Teixeira, M.C.; Brodelius, M. Fatty acids profile of selected Artemisia spp. plants: Health promotion. LWT
Food Sci. Technol. 2011, 44, 293–298, doi: 10.1016/j.lwt.2010.05.033.

92. Iqbal, S.; Younas, U.; Chan, K.W.; Zia-Ul-Haq, M.; Ismail, M. Chemical Composition of Artemisia annua L. Leaves and
Anti-oxidant Potential of Extracts as a Function of Extraction Solvents. Molecules 2012, 17, 6020–6032,
doi:10.3390/molecules17056020.

93. Ayaz, F.A.; Inceer, H.; Hayirlioglu-Ayaz, S.; Aksu-Kalmuk, N. Achene fatty acid composition in the tribe anthemideae
(Asteraceae). Rom. Biotechnol. Lett. 2016, 21, 11576–11584.

94. Boufennara, S.; Lopez, S.; Bousseboua, H.; Bodas, R.; Bouazza, L. Chemical composition and digestibility of some
browse plant species collected from Algerian arid rangelands. Span. J. Agric. Res. 2012, 10, 88,
doi:10.5424/sjar/2012101-134-11.

95. Olson, K.A.; Murray, M.G.; Fuller, T.K. Vegetation Composition and Nutritional Quality of Forage for Gazelles in Eastern
Mongolia. Rangel. Ecol. Manag. 2010, 63, 593–598, doi:10.2111/rem-d-09-00122.1.

96. Al-Masri, M. Nutritive evaluation of some native range plants and their nutritional and anti-nutritional components. J.
Appl. Anim. Res. 2013, 41, 427–431, doi:10.1080/09712119.2013.792733.

97. Bouazza, L.; Boufennara, S.; Bensaada, M.; Zeraib, A.; Rahal, K.; Saro, C.; Ranilla, M.J.; López, S. In vitro screening
of Alge-rian steppe browse plants for digestibility, rumen fermentation profile and methane mitigation. Agrofor. Syst.
2020, 94, 1433–1443, doi:10.1007/s10457-019-00408-1.

98. Randalova, T.E.; Dylenova, E.P.; Renchenbyamba, S.; Zhigzhitzhapova, S.V.; Radnaeva, L.D.; Taraskin, V.V. The
composition of fatty acids isolated from plants of Absinthium section of floras of Buryatia and Mongolia. In IOP
Conference Series: Earth and Environmental Science; Institute of Physics Publishing: Bristol, England, 2019; Volume
320, p. 012057.

99. Tsybikova, S.Z.; Randalova, T.E.; Radnaeva, L.D. Fatty acid composition of Artemisia santolinifolia Turcz. ex Bess. of
flora of Buryatia. In IOP Conference Series: Earth and Environmental Science; Institute of Physics Publishing: Bristol,
England, 2019; Volume 320, p. 012058.

100. Towhidi, A.; Saberifar, T.; Dirandeh, E. Nutritive value of some herbage for dromedary camels in the central arid zone of
Iran. Trop. Anim. Heal. Prod. 2011, 43, 617–622, doi:10.1007/s11250-010-9741-9.

101. Ren, D.; Zhao, Y.; Nie, Y.; Yang, N.; Yang, X. Hypoglycemic and hepatoprotective effects of polysaccharides from
Artemisia sphaerocephala Krasch seeds. Int. J. Biol. Macromol. 2014, 69, 296–306,
doi:10.1016/j.ijbiomac.2014.05.064.

102. Davies, K.G.; Bates, J.D.; Johnson, D.D.; Nafus, A.M. Influence of Mowing Artemisia tridentata ssp. wyomingensis on
Winter Habitat for Wildlife. Environ. Manag. 2009, 44, 84–92, doi:10.1007/s00267-008-9258-4.

103. Saeed, M.; Breuer, E.; Hegazi, M.A.; Efferth, T. Retrospective study of small pet tumors treated with Artemisia annua
and iron. Int. J. Oncol. 2020, 56, 123–138, doi:10.3892/ijo.2019.4921.

104. Hunt, S.; Stebbings, S.; McNamara, D. An open-label six-month extension study to investigate the safety and efficacy
of an extract of Artemisia annua for managing pain, stiffness and functional limitation associated with osteoarthritis of
the hip and knee. N. Z. Med. J. 2016, 129, 97–102.

105. Stebbings, S.; Beattie, E.; McNamara, D.; Hunt, S. A pilot randomized, placebo-controlled clinical trial to investigate the
effi-cacy and safety of an extract of Artemisia annua administered over 12 weeks, for managing pain, stiffness, and
functional lim-itation associated with osteoarthritis of the hip and knee. Clin. Rheumatol. 2016, 35, 1829–1836,
doi:10.1007/s10067-015-3110-z.

106. Daddy, N.B.; Kalisya, L.M.; Bagire, P.G.; Watt, R.L.; Towler, M.J.; Weathers, P.J. Artemisia annua dried leaf tablets
treated malaria resistant to ACT and i.v. artesunate: Case reports. Phytomedicine 2017, 32, 37–40,
doi:10.1016/j.phymed.2017.04.006.

107. Mendez, V.M.; Puebla-Perez, A.M.; Sanchez-Pena, M.J.; Gonzalez-Ortiz, L.J.; Martinez-Abundis, E.; Gonzalez-Ortiz,
M. Ef-fect of Artemisia dracunculus administration on glycemic control, insulin sensitivity, and insulin secretion in
patients with im-paired glucose tolerance. J. Med. Food. 2016, 19, 481–485, doi:10.1089/jmf.2016.0005.



108. Choi, J.Y.; Shin, S.K.; Jeon, S.M.; Jeong, T.; Baek, N.I.; Chung, H.G.; Lee, K.T.; Lee, M.K.; Choi, M.S. Dose–response
study of sajabalssuk ethanol extract from Artemisia princeps Pampanini on blood glucose in subjects with impaired
fasting glucose or mild type 2 diabetes. J. Med. Food. 2011, 14, 101–107, doi:10.1089/jmf.2010.1266.

109. Li, Y.; Zheng, M.; Zhai, X.; Huang, Y.; Khalid, A.; Malik, A.; Shah, P.; Karim, S.; Azhar, S.; Hou, X. Effect of Gymnema
syl-vestre, Citrullus colocynthis and Artemisia absinthium on blood glucose and lipid profile in diabetic human. Acta Pol.
Pharm. 2015, 72, 981–985.

110. Basiri, Z.; Zeraati, F.; Esna-Ashari, F.; Mohammadi, F.; Razzaghi, K; Araghchian, M.; Moradkhani, S. Topical effects of
Arte-misia absinthium ointment and liniment in comparison with piroxicam gel in patients with knee joint osteoarthritis: A
ran-domized double-blind controlled trial. Iran. J. Med. Sci. 2017, 42, 524–531.

111. Hatziieremia, S.; Gray, A.I.; Ferro, V.A.; Paul, A.; Plein, R. The effects of cardamonin on lipopolysaccharide-induced
inflam-matory protein production and MAP kinase and NFkappaB signaling pathways in monocytes/macro- phages. Br.
J. Pharma-col. 2006, 149, 188–198, doi:10.1038/sj.bjp.0706856.

112. Krebs, S.; Omer, T.N.; Omer, B. Wormwood (Artemisia absinthium) suppresses tumour necrosis factor alpha and
accelerates healing in patients with Crohn’s disease–A controlled clinical trial. Phytomedicine 2010, 17, 305–309,
doi:10.1016/j.phymed.2009.10.013.

113. Ogawa, R.; Hyakusoku, H.; Ogawa, N.; Nakao, C. Effectiveness of mugwort lotion for the treatment of post-burn hyper-
trophic scars. JPARS 2008, 61, 210–212, doi:10.1016/j.bjps.2007.10.032.

114. Wu, Q.-J.; Lv, W.-L.; Li, J.-M.; Zhang, T.-T.; Zhou, W.-H.; Zhang, Q.; Wang, J.-C.; Wang, Q.-N.; Zhang, R.X.; Zhao, X.;
et al. Efficacy and safety of Yin Qi San Huang antiviral decoction in chronic hepatitis B: Study protocol for a
randomized, placebo controlled, double-blinded trial. Trials 2020, 21, 482, doi:Org/10.1186/s13063-020-04395-y.

115. Lou, H.; Wang, X.; Wei, Q.; Zhao, C.; Xing, Z.; Zhang, Q.; Meng, J.; Zhang, S.; Zhou, H.; Mak, R.; et al. Artemisia
Annua sub-lingual immunotherapy for seasonal allergic rhinitis: A multicenter, randomized trial. WAO J. 2020, 13,
100458, doi:10.1016/j.waojou.2020.100458.

116. Remberg, P.; Björk, L.; Hedner, T.; Sterner. O. Characteristics, clinical effect profile and tolerability of a nasal spray
prepara-tion of Artemisia abrotanum L. for allergic rhinitis. Phytomedicine 2004, 11, 36–42, doi:10.1078/0944-7113-
00350.

117. Munyangi, J.; Cornet-Vernet, L.; Idumbo, M.; Lu, C.; Lutgen, P.; Perronne, C.; Ngombe, N.; Bianga, J.; Mupenda, B.;
Laluka-la, P.; et al. Artemisia annua and Artemisia afra tea infusions vs. artesunate-amodiaquine (ASAQ) in treating
Plasmodium falci-parum malaria in a large scale, double blind, randomized clinical trial. Phytomedicine 2019, 57, 49–
56, doi:10.1016/j.phymed.2018.12.002.

118. Munyangi, J.; Cornet-Vernet, L.; Idumbo, M.; Lud, C.; Lutgen, P.; Perronne, C.; Ngombe, N.; Bianga, J.; Mupenda, B.;
Lalukala, P.; et al. Effect of Artemisia annua and Artemisia afra tea infusions on schistosomiasis in a large clinical trial.
Phyto-medicine 2018, 51, 233–240, doi:10.1016/j.phymed.2018.10.014.

119. Gillibert, A.; Stephane, J.; Yves, H.; Xavier, A.; Jordi, L.; Erice, C.; Gaudart Jean, G. TEMPORARY REMOVAL:
Comment on A. annua and A. afra infusions vs. Artesunate-amodiaquine (ASAQ) in treating Plasmodium falciparum
malaria in a large scale, double blind, randomized clinical trial. Phytomedicine 2019, 59, 152981,
doi:10.1016/j.phymed.2019.152981.

120. Farage, M.A. The prevalence of sensitive skin. Front. Med. 2019, 6, 98, doi:10.3389/fmed.2019.00098.

121. Zyad, A.; Tilaoui, M.; Jaafari, A.; Oukerrou, M.A.; Mouse, H.A. More insights into the pharmacological effects of
artemisinin. Phytother. Res. 2017, 32, 1–14, doi:10.1002/ptr.5958.

122. Yu, J.; Wang, G.; Jiang, N. Study on the repairing effect of cosmetics containing Artemisia annua on sensitive skin. J.
Cosmet. Dermatol. 2020, 10, 8–19, doi:10.4236/jcdsa.2020.101002.

123. El-Askarya, H.I.; Mohamed, S.S.; El-Gohari, H.M.A.; Ezzata, S.M.; Meselhya, M.R. Quinic acid derivatives from
Artemisia annua L. leaves; biological activities and seasonal variation. S. Afr. J. Bot. 2020, 128, 200–208,
doi:10.1016/j.sajb.2019.11.008.

124. Guerriero, G.; Berni, R.B.; Muñoz-Sanchez, A.; Apone, F.; Abdel-Salam, E.M.; Qahtan, A.A.; Alatar, A.A.; Cantini, C.;
Cai, G.; Hausman, J.-F.; et al. Production of plant secondary metabolites: Examples, tips and suggestions for
biotechnologists. Genes 2018, 9, 309, doi:10.3390/genes9060309.

125. Sülsen, V.P.; Martino, V.S. Overview. In Sesquiterpene Lactones: Advances in their Chemistry and Biological Aspects;
Sülsen, V.P., Martino, V.S., Eds.; Springer International Publishing: Cham, Switzerland, 2018; pp. 3–17,
doi:10.1007/978-3-319-78274-4_1.

126. Moujir, L.M.; Callies, O.; Sousa, P.M.C.; Sharopov, F.; Seca, A.M.L. Applications of sesquiterpene lactones: A review of
some potential success cases. Appl. Sci. 2020, 10, 3001, doi:10.3390/app10093001.



Retrieved from https://encyclopedia.pub/entry/history/show/16698


