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Abstract: Artemisig one of the larger genera in the family Asteracand the largest genus in the tribe
Anthemideae, comprises from 200 to more than 58 & the specific or subspecific level. Mafgtemisia
species have a high economic value in severalsfiedd food plants and as antihelminthic and angiri@iin
medicine. Artemisia herba-albavas known for its therapeutic and medicinal propsy it was used in both
traditional and modern medicine. Several paperg teen published on the chemical composition ofisgns

of A. herba-alba The aim of this work is to review all availableestific literature published oA. herba-alba
The focus will be on the chemical constitutions ethhave been identified from this species, in &ldito all of
the reported biological activites of this speciasehbeen included as well as the pharmacologyaicbtogy.
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1. Introduction

The genudrtemisial. (family Asteraceae, tribe Anthemideae), comgwiagevariable number of species
(from 200 to over 400, depending on the authorghdiothroughout the northern half of the world. Heaus
may be divided into sectiomgtemisiaandDracunculug[1]. The genugrtemisiais known to contain many
bioactive compounds; artemisinin exerts not onlynaalarial activity but also profound cytotoxiciagainst
tumor cells [2] and arglabin is employed for tregtcertain types of cancer in the former USSR (Bler
the past decad&rtemisiaspecies have been used traditionally in variesifadpns, thusA. keiskeanadiq
has been used as a Traditional Chinese drug fotrda¢ment of gynaecepathy, amenerrhea, bruise and
rheumatic disease [4A. vestitaWall ex DC. has been utilized for the treatment of fungé&dtions such as
tinea, tympanitis, and thrush [S5A. abrotanumL. was found to possess spasmolytic activity oe th
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carbacholine induced contraction of guinea-pigheac[6]. Artemisiaspecies are popular plants which are
used for the treatment of diseases such as hepatiticer, inflammation and infections by fungictbéaa,
and viruses [7]. Furthermore, several specie8rtémisiaare used in folk medicine, thu&; vulgarishas
been employed in the treatment of painful menstvoaind in the induction of labor or miscarriagg [8.
mongolica Fisch has been used as a folk medicine for geénesato cure inflammations and colds in
northwest China [9]A. ponticalL. is well known in Bulgarian folk medicine as edstive and an appetizer
[10].

Artemisia herba-albaAsso, known also as desert wormwood (known in &rads shih, Armoise
blanche (Fr.)) [11], has been used in folk medidiganany cultures since ancient times, used in llao
folk medicine to treat arterial hypertension andi@betes [124]. Herbal tea from this species has been
used as analgesic, antibacterial, antispasmodichamostatic agents [15]. During an ethnopharmaocdb
survey carried out among the Bedouins of the Nelgeert, it was found thétrtemisia herba-albaelieved
stomach disorders [16]. This plant is also suggestdoe important as a fodder for sheep and festivck in
the plateau regions of Algeria where it grows atanly [17-19]. Ascaridae from hogs and ground worms
were killed by the oil of the LibyaA. herba-alban a short time [20, 21].

2. Botanical aspects
2.1 Morphology

A. herba-albais a greenish-silver perennial herb grows 20-4Grcimeight; it is a chamaeophyte (i.e.
the buds giving rise to new growth each year araéaglose to the ground). The stems are rigid aect.e
The grey leaves of sterile shoots are petiolatafeoto orbicular in outline whereas leaves of flong
stems are much smaller. The flowering heads arglsesblong and tapering at base. The plants ffowe
from September to December. Plants are oblongaeting at base. Plants are found on the steppibe of
Middle East and North Africa where they are comrand sometimes stand-forming (Figure 1) [22].

Figure 1. Photograph oArtemisia herba-alba

2.2 Taxonomy

Artemisia herba-albas classified into Kingdom: Plantae, Subkingdomacheobionta, Superdivision:
Spermatophyta, DivisionMagnoliophyta Class: Magnoliopsida, Subclass: Asteridae, Ordasterales,
Family: Asteraceae, Subfamily: Asteroideae, Tridethemideae, Subtribe: Artemisiinae, Genus: Argai
L., subgenus: Seriphidium and speciegemisia herba-alba\sso [23-25].
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2.3 Distribution

The genusA. herba-albais a medicinal and aromatic dwarf shrub that grewd in arid areas of the
Mediterranean basin, extending into northwestemattyas. This plant is abundant in the Iberian fsna
and reaches highest population in the centre oinSymeading over the eastern, southeastern antesau
Spain. This taxon grows wild on nitrofilous and gym-rich substrata (Figure 2) [257].

Figure 2. Distribution map ofArtemisia herba-alba
3. Phytochemistry

Various secondary metabolites have been isolated A. herba-albaperhaps the most important being
the sesquiterpene lactones that occur with greattstral diversity within the genusrtemisia Additional
studies have focused on flavonoids and essentsa]2d].

3.1 Sesquiterpene lactones

Sesquiterpene lactones are among the prominentahgttoducts found irArtemisia species and are
largely responsible for the importance of thesatslan medicine and pharmacy. Several structugsyof
sesquiterpene lactones were found in the aeridas pair A. herba-alba Eudesmanolides followed by
germacranolides seem to be the most abundant ¢ypaestones found in this species.

In course of investigation oA. herba-albaplants growing in Israel (Negev and Judean desiext)
different chemotypes were identified on the basidifferences in their sesquiterpene lactone ctutidin
(1-10) (Figure 3) [29-34]. In Spain, some phytochemataldies have investigated the sesquiterpene lactone
from theA. herba-alba(11-47 collected in different geographical location.difie 3) [35-41].

Many groups have studied the chemistryfofherba-albagrowing in Egypt. Most studies have been
concerned with the sesquiterpene lactones. All Ifotones isolated48-57) differ from those found
previously fromA. herba-albagrowing in Israel (Fig. 3) [42, 43]. Few literagupapers studied the chemical
constituent of MoroccaA. herba-albaspecies §8-64 [44, 45], and the Algerian on&%-66 [15], which
proven that this genus is rich in sesquiterpeniggi(€ 3).
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Figure 2. Sesquiterpene lactones fréinherba-albagrowing in Egypt, Morocco, Spain, Algeria and kra
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Figure 3. Continue
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Figure 3. Continue
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Figure 3. Continue
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Figure 3. Continue

3.2 Flavonoids

The flavonoids detected iA. herba-albashow a large structural variation, ranging fronmeooon
flavone and flavonol glycosides to more unusuahlyignethylated flavonoids. In studies of the leagaed
steams ofA. herba-albacollected from Sinai, a total of eight flavonoids andC-glycoside were isolated
and identified [46, 47]. Examination of the aenmrts ofA. herba-albacollected from Lebanese herbal
stores led to the isolation of two flavonoids; higpin and cirsilineol [48] (Fig. 4). A new flavon®,4'-
dihydroxy-6,7,3'-trimethoxyflavone, was isolate@rfr the nonglycosidic extract of the aerial partsAof
herba-alba[49].

4. Phenolic compounds & waxes

Chlorogenic acid was observed An herba-albawhen a chemical survey of 49 Moroccan medicinal
plant species was performed by ESR spectroscogy [eOing a survey for antiulcerogenic principleésfo
herba-alba eight polyphenolics and related constituents wsotated. These included chlorogenic acid,
4,5-0O-dicaffeoylquinic acid, isofraxidin ©- -D-glucopyranoside, ©- -D-glucopyranosylcaffeic acid,
rutin, schaftoside, isoschaftoside, and vicenib®].[In a study of the components Af herba-albawax,
obtained in 0.23% vyield by extraction of the drargl with ether, contained 32.1% saturated C16-8&ac
(35.2% C28 and 26.5% C30), 23.2% saturated. C2iy8tocarbons (67.7% C29 and 24.2% C31), 27.1%
esters (mainly of saturated C18, C19, and C20 eadssaturated C22 and C24 alcohols.), and 16.96%
saturated C16-26 alcohols. (C16 24.71%, C20 10.3222,32.88%, and C24 22.96%) [52].
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[46]

MeO

OH OMe
(6]

MeO O | O OH
OH O

Isovitexin *,4-Dihydroxy-6,7,3-
[47] trimethoxyflavone
[49]

OMe

HO /oH
OH
Quercetin-3-rutinoside Pultetin 3- rutinoside Pultetin 3-glucoside
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Figure 4. Flavonoids Artemisia herba-alba
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5. Essential oils

Over the last decades, theatemisia herba-albaoil; called scheih oil [53], has been thoroughly
investigated and the diversity in oil compositioorfi plants grown in different countries and eveosth
from different localities in the same country hdee to the many oil-dependent chemotypes assignéukt
plant [54]. Generally, the oil was largely reported to be cosgaoof monoterpenoids, mainly oxygenated,
such as 1,8-cineole, chrysanthenone, chrysanthi@mal its acetate),/ -thujones, and camphor as the
major components [556].

High variability of volatile constituents was obsed when different populations &. herba-alba
collected at various sites in Israel were comp§s&il Whereas samples @&f. herba-albacollected at Elat
contained chrysanthenyl acetate as major compof@®) followed by chrysanthenol (6.4%) and the
acetophenone xanthocyclin, the essential of\.dfierba-albarom the Judean desert exhibited 1,8-cineole as
the major compound (50%) followed by appreciablecamts of - and -thujone (27%) and other
oxygenated monoterpenes such as terpinen-4-ol §3&¥mphor (3%) and borneol (3%) [58, 59]. Esséntia
oils of A. herba-albacollected at other localities in Israel contairsmne more unusual volatile terpenes
including artemisia alcohol and lyratol [60]. Alsbwo oil types were found for plants grown in Israed
Sinai, those of the cineol-thujane-bornane type #red pinane type; the oil of all studied populasion
contained 1,8-cineole in varying concentrations. rélaecently, it was reported that a further five
chemotypes could be distinguished in plants grovinipe Holy Land and Sinai due to the variationtioa
major components of the oil, suggesting the excgeim this region, of a greater number of chemetias
than previously believed [61]. In addition, arteimiketone was reported as the principle compongaho
Egyptian chemotype [62], while a French type [63swound to predominate in 1,8-cineole, camphor and
chrysanthenone.

In Jordan, regular monoterpenes were predomin&8%d) and the principal components wereand

-thujones (27.7%). The other major identified comguts were: sabinyl acetate (5.4%), germacrene D
(4.6%), -eudesmol (4.2%) and caryophyllene acetate (5.8%]) [

In Morocco, the oil there was generally characestiby substantial levels of ketones such-aand -
thujones and camphor [656, 67], whereas davanone and/or chrysanthenybtecetere the major olil
components in other chemotypes [68]. In the mal&atler of A. herba-albaessential oil exports, 16
chemotypes were found [69], with 12 having monatags as major components and for four sesquiterpene
skeletons represent the major fraction of theimilestigations reported no correlations betweemcligpes
and geographic distribution [70].

Studies from Spain showed that monoterpene hydsooarand oxygenated monoterpene are the most
abundant skeletons iA. herba-albaoil, but large amounts of sesquiterpenes were dofor some
populations. Camphor, 1,8-cineolecymene and davanone were the major components fiiin 26].
Another study from Spain showed that the chemotawoa affinity between Spanish and Israeli populagio
of the same plant was not reflected in their oinpositions. The Spanish oil contained large amoahts
sesquiterpenes but lacked significant quantitiethofane derivatives. However, a more recent ingasbn
from Spain showed the sesquiterpene davanone thebprincipal component of the oil, which was also
dominated by the-menthane and pinane skeletons [72, 73, 74,75].

In Tunisian oil oxygenated monoterpenes were faiande the major components Af herba-albaoil
extracted from aerial parts of plants originateshfrarid regions [76, 77]. In another study of theniBian
Artemisia herba-albail, the main components were cineole, thujonesysanthenone, camphor, borneol,
chrysanthenyl acetate, sabinyl acetate, davanasetined davanone. Monoterpenes, sesquiterpenesuare f
in some samples as major components. The chemarapasitions revealed that some samples have
compositions similar to those of oth&rtemisia herba-albassential oils analyzed in other countries [78].

In an Algerian oil, camphor,/ -thujones, 1,8-cinecle and chrysanthenyl derivativeere the major
components [79, 80, 81]. In another studies, campligds), borneol (3.6%), davana ether (8.8%), dawan
(36.1%) were the major components [82-88]. Therg&denil obtained from the aerial parts Af herba-
alba growing wild in M'sila-Algeria, contained camph (19.4%), trans-pinocarveol (16.9%),
chrysanthenone (15.8%) as major components. Mquerteids are the main components (86.1%) and the
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irregular monoterpenes (3.1%) [89]. On the otherdhather components have previously been found in
otherA. herba-albaoils such as4)-jasmone, xanthoxylin were not detected in thiga®, 91].

One study ofA. herba-albain Cyrenaica (Libya) had reported that the driesg contained 0.29% of an
essential oil containing 6.7% cineole [92].

6. Biological effect ofA. herba-alba
6.1 Antioxidant activity

Many medicinal plants contain large amounts ofatiant compounds, which could be isolated and
then used as antioxidants for the prevention aeatrivent of free radical-related disorders. In a\stoy
Djeridane [93], the purpose was the evaluation bigemical method of the antioxidant capacity ofrghie
compounds in some Algerian medicinal plants, inicigdA. herba-alba These medicinal plants showed
stronger antioxidant activity and content in phé&®than the common nutritional plants. It has balso
noted in this study that these Algerian plantssreng radical scavengers and can be considergdcas
sources of natural antioxidants for medicinal anthmercial uses [93]. Raw and cooked ground beef
patties were treated with an aqueous extrach ofierba-albarosemary, fennel and rue at levels of 5 mm of
10% (w/w vegetable matter to water) extract forrgvE00 g of meat. Patties were kept under refaten
(4°) for a period of 16 days, and samples were draind-day intervals. Results showed that cookeat me
was more susceptible to oxidative deterioratiomtreav meat. In additiord. herba-albahad a somewhat
less effective role than the other herbs [94].Aother study, 21 plant samples were collected fudferent
Jordanian locations and used for antioxidant evigina The level of antioxidant activity, determihéy
DPPH and ABTS assays, showed thgemisia herba-albdas a moderate antioxidant activity compared to
the other plants [95].

Abid compare the long-term effects éftemisia herba-albadecoction with a green or black tea
decoction, prepared without sugar, on the antioXig@ocesses in rats. The conclusion of this stlmbwved
that Artemisiag as well as green tea decoctions, increased tte¢ #mtioxidant status, whole blood
glutathione peroxidase activity and zinc and copgiatus, and prevented weight gains and increased
conjugated dienes, plasma glucose, lipids and status. The beneficial antioxidant effects were in
descending orderArtemisia decoction® green tea decoction > black tea decoction. Btemisia could
constitute a good adjuvant to combat obesity, tglpeemia, hyper-triglyceridemia, hyper-cholestenoie
and particularly oxidative stress [96].

The effects of seven medicinal plants includiigemisia herba-albaon protein degradation, lipid
peroxidation, erythrocyte deformability and osmdtiagility of erythrocytes exposed in vitro to 10vm
H,0, for 60 min at 37C have been examined. The result was Arégmisia herba-albalid not protect
erythrocytes against lipid peroxidation [97].

6.2 Anti-venom activity

Aqueous extracts of 12 medicinal plants traditibnaksed in Jordan for the inhibition in humans of
snake and scorpion venoms were evaluated for plossible anti-venom activity. Among the plantseds9
extracts were found to inhibit the hemolytic adtes of both venoms. The most active plant extveas
Artemisia herba-albawhich gave 100% inhibition [98].

6.3 Antifungal activity

The antifungal activity ofArtemisia herba-albavas found to be associated with two major volatile
compounds isolated from the fresh leaves of thetplaarvone and piperitone were isolated and ifledti
by GC/MS, GCI/IR, and NMR spectroscopy. Antifungetivaty was measured againBenicillium citrinum
(ATCC 10499) andviucora rouxii (ATCC 24905). The antifungal activityGs,) of the purified compounds
carvone and piperitone was estimated to bg/nl and 2 g/ml againstPenicillium citrinum and 7 g/ml
and 1.5 g/ml againstMucora rouxii respectively [99]. In another study, the antifaihgctivity of the
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essential oils of 25 Moroccan medicinal plants,uding A. herba-alba againstPenicillium digitatum
Phytophthora citrophthoraGeotrichum citri-aurantii and Potrytis cinerea A. herba-albaessential oil
showed only weak antifungal activity at 256/ml concentration [100]. In addition, the effeétAa herba-
alba, Eucalyptus andRosmarinusessential oils was evaluated on the mycelial gnoawtd toxigenesis of
Penicillium aurantiogriseunandP. vindication A significant decrease in mycelial dry weight vedained
with the addition of 0.05-2.5% of each of the the=sential oils in yeast extract sucrose broth.e Th
inhibition of mycelium growth was tested on maltrext agar, Czapeck yeast agar, yeast extract sicro
agar and broth at constant pH, and was highly &fiedor A. herba-alba followed by Eucalyptus A
complete inhibition of toxin production was obseatvavith 0.44% of each essential oil fdp.
aurantiogriseumand 0.22% forP. viridicatum[101]. The effect ofA. herba-albaand Oreganumoils on
spore germination, mycelial elongation and sporatvere studied in three fungi. All three stagés o
fungal asexual reproduction were affected but miyoelgrowth was the most sensitive, followed by spor
germination and then sporulation of the three fustgdied.Zygorrhynchussp. was found to be the most
sensitive followed byAspergillus nigerand therPenicillium italicum A. herba-albawas less active on the
three phenomena studied than @reganummoil. [102]. In addition A. herba-albaessential oil demonstrated
a synergistic action on the inhibition of myceliunowth in Zygorrhynchussp. andAspergillus niger
isolates, when associated with sodium chlorideatty facid [103]. The essential oils extracted frith
Algerian plants; includind\. herba-albawere analyzed for their potential activity agai@andida albicans

A moderate efficiency was obtained with the essémtil from A. herba albawhich showed an antifungal
effect 5617-fold lower than that measured with aatpticin B. [104].

The inhibitory effects ofArtemisiaflower heads Artemisia herba-albp on the growth and aflatoxin
production of a toxigenic strain d&spergillus flavusvas tested using different concentrations. Thatpla
inhibited aflatoxin formation by 85-90% of that@dntrol at a concentration of 10% [105].

The in-vitro antifungal activity of A. herba-alba essential oil has been evaluated on various
microorganisms. The oil showed a very strong actgiCandidaandMicrosporum [106]

6.4 The nematicidal activity

Thein-vitro nematicidal activity of methanolic extracts (2/ml) from twenty Jordanian plant species
against two species of root-knot nematodes wasiatead. The leaf extract dfrtemisia herba-albavas the
most effective causing 22, 51, and 54% mortalitgra?4, 48 and 72 h of exposure, respectively [107]

6.5 Antibacterial activity

The antibacterial activity oArtemisia herba-albacollected near Sde-Boker (Negev desert), Ishaas,
been investigated. Only the essential oil was fotmde active against some Gram-positive bacteria (
Streptococcus hemolyticusnd Staphylococcus aureusand Gram-negative bacteri&scherichia coli,
Shigella sonneindSalmonella typhosp, The essential oil was fractionated by columroafatography, and
these fractions were tested for antibacterial @gtiThe principal component of the most activecfian was
santolina alcohol [108]. Furthermore, the essepilalfrom fourArtemisia herba-albgopulations collected
in Israel (Sde-Boker, Mizpe Ramon, Judean deserEdat) were investigated for their antibacterieti\aty.

All the oils had slight antibacterial activities fhe concentration range of 1-2 mg/ml. The oilsenactive
against gram negative bactertes¢herichia coli Shigella sonngiSalmonella typhosé&erratia marcescens
and Pseudomonas aerugengsand against gram positive bacteriBag€illus subtilis Streptococcus
hemolyticusand Staphylococcus aureusThe oil derived from the Sde Boker variety exteith the highest
antibacterial activity, especially against ieeptococcysPseudomonaandSerratiastrains tested. This ail,
as well as those from Mizpe Ramon and the JudeaerDeshowed relative high activity agaiSstsonnei
andS. typhosavhereas they were almost inactive agakastoli. The oil derived from plants collected near
Elat possessed very low activities. The antib&dteffect may explain the extensive usefoherba-alban
folk medicine [57,109]. Also, the in vitro antibad@l activity of A. herba-albaessential oil has been
evaluated on virous microorganisms, The oil showe@ry strong action v&taphylococcusthe inhibiting
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action of the oils was low vs. thenterobacteria[106]. The aqueous extract 8f herba-albapossessed
relatively weak antibacterial activity and virtuallittle or no inhibitory activity against the yeas
Saccharomyces cerevisid®10]. The antibacterial activity oA. herba-albaperformed againsBacillus
subtilisandEscherichia colshowed no significant activity against either spe¢l11].

Mycoplasmas are one of the smallest free-livingragoganisms. Unlike other bacteria they lack adrigi
cell wall. Hence, they are not susceptible to géims and other antimicrobials that act on thisusture.
Artemisia herba-albawas one among six Jordanian traditional medigieait methanolic extracts that were
tested against 32 isolates Mfycoplasmaspecies. The result of this study showed thatntbst effective
plant extract in vitro against aMycoplasmaspecies wa#\. herba-albawith MIC values of 3.125-6.25
mg/ml. Therefore, this plant could be considerechagadily available alternative for drugs suchthes
fluoroquinolones, tetracyclines, macrolides andrhphenicols that are currently used in the treatrof
Mycoplasmanfections [ 112].

6.6 Antispasmodic activity

The essential oils from foulirtemisia herba-albgpopulations collected in Israel (Sde-Boker, Mizpe
Ramon, Judean desert and Elat) were investigatethér antispasmodic activity. Th&. herba albaoils
were tested on isolated rabbit jejunum. The resoticate that the different oils showed similalaxation
patterns. The concentrations, which induced 50%xation were similar for the Sde Boker, Mizpe Ramon
and Judean Desert oils (ca 3x10-5%), while thahefElat oil was ten times lower [57].

6.7 Anthelmintic activity

The anthelmintic activity of the powdered shoots Attemisia herba-albawas investigated in
experimental haemonchosis in six Nubian goats whauh been infected with single doses of 800 to@.,00
infective Haemonchusarvae. The clinical signs of caprine haemonchiosikided inappetence, dullness and
soft faeces and were correlated with the pathodddiodings. None of these changes were observéolin
of the six goats following the treatment with 2, &030 g ofArtemisiashoots. This successful therapy was
supported by the absence of eggs in the faecesldt worms in the abomasum at necropsy and of
significant lesions in the tissues of the goats midrn of the concentrations of serum ammoniajusod
potassium, total protein and creatinine and ofaittévity of aspartate aminotransferase (GOT) tawadr In
two goats, treated with either 10 or 30 gAefemisiashoots, egg production was not completely suppdess
and a few adulHaemonchusvorms were found in the abomasum [113, 109].

Al-Waili suggested that the aqueous extrachoherba-albamight have a possible therapeutic value in
intestinal infection wittEnterobius vermicularisTherefore the possible effect&f herba-albaextract ork.
vermicularisinfection was examined in 10 patients. The resafzeared to show thAt herba-albaextract
eradicated intestinal infection with vermiculariswithin 3 days in all 10 patients treated [114].

6.81In vitro Antileishmanial activity

The aqueous extract and essential oilAofemisia herba-albavere tested for their antileishmanial
activity against_eishmania majarThe strongest leishmanicidal activity was obseémwéith the essential oil
at 2 pg/ml compare to the other two strains tesiéd. aqueous extract showed an antileshmanialitgcait/
concentration of 4 ug/ml [115].

6.9 Neurological activities

In the recent decades the use of traditional meelici Lebanon has increased. Aqueous, ethanol and
ethyl acetate extracts of seven Lebanese plantsatikaused traditionally for neurological disordes
Alzheimer's disease, epilepsy and affective dissrdas depression were tested for inhibition of
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acetylcholinesterase and affinity to the GABA (Arzodiazepine site and to the serotonin transporter
Ethyl acetate extracts dfrtemisia herba-albaxhibited weak activity in the acetylcholinesterassay. An
ethanolic extract oArtemisia herba-albéhad good affinity to the GABA (A)-benzodiazepirexeptor site
[116].

Dinatin and skrofulein, two flavones were extradhesn Artemisia herba-albainhibited the binding of
[methyl-3H]diazepam to rat brain membranes in witith 1Cs, of 1.3 and 23 M, respectively. The GABA-
ratios (the ratio ofCs, values in the absence/presence of GABA in theibgndssay) were 1.1 and 1.2 for
dinatin and skrofulein, respectively. Both flaveriaduced a slight increase i#t$] TBPS binding. The
data suggest that the flavones are antagonistarbalpagonists of benzodiazepine receptors [118].1

6.10 Hypoglycemic activity

Artemisia herba-albas a popular folk remedy, used in treatment obdtas mellitus. For these reason
many published papers studied its hypoglycemicviagt{119, 120]; thus Twaij found that the aqueous
extract of the aerial parts &. herba-albacaused a significant fall in plasma glucose levaloth
normoglycemic and the alloxanized rabbits [121]-Viili reported that the water soluble extract lukt
species played a role in reducing elevated blocgsgure and blood glucose levels, and it also had
antiarrhythmic and anxiolytic actions [122, 123heTsame results are given in later study by lbrdhi2d].
Al-Yahya [125] reported that the ethanolic and cbform extract of the whole plant had no effecthdood
glucose levels. Al-Khazraji [126] studied thetemisia herba-albaaerial parts and demonstrated that the
agueous extract of the roots does not contain Hypagmic agents, but the aqueous extract of theetea
was relatively more effective than the aqueousaekiof the bark. He also found that the metharmticact
of the plant did not significantly change bloodaige levels of fasted rats. Al-Shamaony [127] gackear
view thatA. herba-albaextract prevented a significant elevation in thegsylated haemoglobin in both
diabetic rats and rabbits, fed daily for 2-4 weekih A. herba-albaextract. Marrif [110] reported that the
aqueous extract &. herba-albaproduced an initial hyperglycaemia which was fekal by hypoglycaemia
in normoglycaemic and alloxan-treated rabbits amcemThe extract also had no effect on the actigity
alkaline phosphatase or concentrations of creatiaimd urea in plasma. Also, Essway [128] conclutled
the volatile oil of A. herba-alba(sage) have an antidiabetic effect after injectiomats. The study of the
aqueous extract dk. herba-albaby Tastekin [129] came in agreement with TwaijgLand Marrif [110]
studies. Also, Bennani-Kabchi [130] reported thatrtemisia herba-albais a hypoglycemic,
antihyperglycemic plant in diabetic sand rat, witypolipemic action in case of severe obesity herba-
alba is one of the traditional plants used in Turkeyd dhe aqueous extract 8f herba-albahad been
studied lately by Iriadam [131], who studied thé&eef of A. herba-albaand Teucrium poliumeffect on
blood glucose levels. The results concluded thatimidtrationA. herba-albamight be useful in preventing
hyperglycaemia by having insulin-like action andn caignificantly reduce the blood glucose in
normoglycemic and hyperglycaemic rabbits but do staiws any action on creatinine and cholesterol in
both normal and STZ-induced diabetic rabbits inadiabetic experiment.

The agueous extracts drtemisia herba-albahas been tested on male albino rats. The results
demonstrated that administration Af herba-albain a dose of 100 mg/kg of body weight for 60 days
induced a very significant decrease in glucosellewth a significant (p <0.01) increase in totaks®
cholesterol level, triglycerides, phospholipidstuse aspartate aminotransferase (AST) and seruninalan
aminotranserase (ALT) were found [132].

6.11 Cytotoxicity and gene induction

Essential oil (EO) extracted fromwrtemisia herba-albavas tested for its genotoxic effects using the
yeastSaccharomyces cerevisia@lear cytotoxic effects were observed in thediplyeast strain D7, with
the cells being more sensitive to EO in exponerttigin in stationary growth phase. Clearly induced
cytoplasmic peptide mutations took place indicatitagnage to mitochondrial DNA. However, no nuclear
genetic events such as point mutations or mitati@genic or intergenic recombination were inducétie
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capacity of EO to induce nuclear DNA damage-respengenes was tested using suitable Lac-Z fusion
strains for RNR3 and RAD51, which are genes invblveDNA metabolism and DNA repair, respectively.
At equitoxic doses, the EO demonstrated signifiggrie induction, approximately the same as thatethu
by hydrogen peroxide, but much lower than that edusy methyl methanesulfonate (MMS). Essentia oil
affect mitochondrial structure and function and séimulate the transcriptional expression of DNAndge-
responsive genes. The induction of mitochondraahdge by EO appears to be closely linked to overall
cellular cytotoxicity and appears to mask the o@nee of nuclear genetic events. EO-induced cyicity
involves oxidative stress, as is evident from thatgextion observed in the presence of ROS inhibisach

as glutathione, catalase or the iron-chelating ageferoxamine [133]. In contentious study, invgetied for
their possible antigenotoxic effects in an eukacyoell system, the yeaSaccharomyces cerevisiad he

EO alone showed some cytotoxicity and cytoplasnaititgp mutations, i.e. mitochondrial damage, buythe
were unable to induce nuclear genetic events.ombination with exposures to nuclear mutagens sisch
254-nm UVC radiation, 8-methoxypsoralen (8-MOP)splUVA radiation and methylmethane sulfonate
(MMS), treatments with these EO produced a strikinogease in the amount of cytoplasmic petite niorat

but caused a significant reduction in revertantsmitotic gene convertants induced among surviebtse
diploid tester strain D7. In a corresponding rist@in, the level of nuclear genetic events induogdhe
nuclear mutagens UVC and 8-MOP plus UVA resultethensame reduced level as the combined treatments
with the EO. This clearly suggests a close relatigm between the enhancement of cytoplasmic petites
(mitochondrial damage) in the presence of the E@tae reduction of nuclear genetic events induced b
UVC or 8-MOP plus UVA. After MMS plus EO treatmeimduction of these latter events was comparable
at least per surviving fraction in wild type and@hcells, and apparently less dependent on cytmitas
petite induction. Combined treatments with MMS aB® clearly triggered switching towards late
apoptosis/necrosis indicating an involvement ofs tighenomenon in EO-induced cell killing and
concomitant decreases in nuclear genetic eventsr AfVC and 8-MOP plus UVA plus EO treatments,
little apoptosis and necrosis were observed. Thegemotoxic effects of the EO appeared to be
predominantly linked to the induction of mitochoiadlidysfunction. [134].

6.12 Reproductive toxic effects

Artemisia herba-albaoxic effect was investigated on the reproducgBystem after administration to
female Sprague-Dawley rats weighting 250-300 gtfer time periods 4 and 12 weeks. The effeciAof
herba-albaexposure on fertility was assessed in terms ofntlmaber of pregnant rats, implantation sites,
viable fetuses and resorption sites. Exposuré.tterba-albafor 4 weeks did not have much effect on
fertility. Significant decrease in the relative aaa weights and embryo weights in rats exposeAl teerba-
alba were observed. Exposure Ao herba-albafor a 12 weeks resulted in a reduction in the @aiage of
pregnancies and in the number of implantation sitesn compared with controls in both treatmentqaksi
Rats receiving 12 weeks treatment showed an ineri@asvarian weights and a decrease in the number o
viable fetuses. These results indicate that long-exposure of female rats £0 herba-albacauses adverse
effects on the reproductive system and fertilitheTresults of the current study suggest that irgesif
Artemisia herba-albdy adult female rats causes adverse effects @lhityeand reproduction [135].

Treated rats testicular cell population showed @adese in number of spermatocytes and spermatids (p
<0.01) when compared to controls. Serum hormorsglyamdicated a decrease in testosterone andufialtic
stimulating hormone (FSH) levels in treated ratsdécrease in the number female rats impregnated by
males receiving treatment was observed and denabdedtby a decrease in the implantation sites and
number of viable fetuses (p < 0.01) [132].

6.13 Pesticidal activity
The potential of crude extracts froArtemisia herba-albavere evaluated for their ability to control

Tetranychus cinnabarinusnites under controlled conditions. The assay fedethat the extract fromA.
herba-albawas not toxic to animal cells up to concentratidrilO0 g/mL. The mortality and repellency
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potentials of the extract at a concentration of §0nL caused only 58% and 71% mortality and repeifen
[136].

Artemisia herba-albaessential oil was tested against three suckingctngests under laboratory and
greenhouse conditions. These pests incluBethisia tabaci(Gennadius),Aphis gossypii(Glover) and
Thrips tabaci(Lindman). The results showed that the LC50Aofherba-albawas 0.042% for eggs and
0.074% for immature stages Bf tabaci Also, the oil showed a high toxicity dh gossypiiwith LC50
0.023 and 0.085%Artemisia herba-albavas more toxic off. tabaciandA. gossypiithanB. tabaciin the
laboratory test whilg. tabaciwas sensitive (LC50 0.011 and 0.038%). The oil eféisient for controlling
tested insects on cucumber plants at greenhouBeis. treatment caused 85.41, 83.57% reductionhen t
population ofB. tabacj 90.44, 88.00% foA. gossypiand 87.45, 84.45% fdr. tabaci[137, 138].

A study was designed to evaluate the effect ofrgsdeoils extracted fronRosmarinus officinaliand
Artemisia herba-albaon Acanthoscelides obtecty€oleoptera: Bruchidae) under laboratory condgio
The doses used were 1 to 5 pL/30 g seed for tlengmisoil of each plant. The results show thattihe
tested essential oils were very toxic to adult®\obbtectusand they also cause a significant reduction in
fertility by bruchids. The.Dso, calculated after 48 hours of exposure, showetthieaessential oil extracted
from Rosmarinus officinalisvas the more toxic to adults with BBso = 0.59uL/30g seed, while thés, =
1.69uL/30g seeds fokrtemisia herba-albd139]. larvicidal activity ofA. herba albaagainstCulex pipiens
mosquito and cotton leafwor@podoptera littoraligBiosd.) larvae, insecticidal activity against keflies
Musca domestich. and rodenticidal activity against white migeis musculug111].

6.14 As Antibiotic resistant inhibitor

There are indications that some herbal materiatsaca as inhibitors of antibiotic resistance. Adstu
was carried out to screen the effect of the hertskrial in combination with antibiotics to idegtgystems
that might be used advantageously to improve tlieiericy of the antibiotics used. Preliminary resul
showed that saturated solutions of the plant etdrgave different levels of inhibition depending the
strain of microorganismArtemisia herbaalba, for example, showed some inhibitory effects aanbsistant
strain and on standard strain®faureus[140].

6.15 Allelopathic effect

Plant-plant interference in semiarid Mediterraneawironments may involve competition for resources,
facilitation, or allelopathic phenomena in whickitoorganic compounds produced by one plant asaseld
into the environment. The potential allelopathiterof Artemisia herba-albdas been evaluated in order to
explain the community pattern of the gypsum semiarivironments of central Spain. This pattern shaws
sharp ecotone between a gypsophile spare shrubthynonity dominated byelianthemum squamatum
which grows on slopes with gypsum surface crustsl a nitrohalophilous community on the gypsum
alluvial soils of piedmont dominated rtemisia herba-albaln order to explain the pattern, resource
limitation was discarded because there were nafiignt differences in several soil parameters. ures
confirm the inhibitory effect of aqueous extracts the final germination percentage of scarifieddseef
Helianthemum squamatuand also on the shape of the germination curvdschwindicate delay of
germination was strongly inhibited in soils obtair@elow the canopy of mature plants and retartexther
treatments [141].

6.16 Inhibition of the binding of 3H-benzo[a]pyrene

The aqueous and ethanolic plant extracts obtamed 10 Iragi cultivated plant species were studogd
their ability to inhibit aryl hydrocarbon hydroxyge (AHH) activity and [3H]benzo[a]pyrene ([3H]BP)
binding to rat liver microsomal protein. None bktaqueous extracts tested showed any inhibitdegtef
The ethanolic extracts from 8 species exhibiteahstiinhibitory effect on both AHH and [3H]BP bindito
the microsomal protein. Ethanolic extracts frakdiantum capillus-veneri@nd Salsola rosamarinus
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showed no effect. Nevertheless, ethanolic extfacte Anchusa strigosaMyrtus communisandArtemisia
herba-albawere more effective than other plant extracts [142

6.17Cytoprotective properties of A. herba-alba

In a study by Gharzouli [143], investigated cytdpuodive properties o). ilex P. granatumandA.
herba-albaaqueous extracts against ethanol-induced damatje gtomach. The gastroprotective effect of
tannic acid and the aqueous extractQfercus ilexL. root bark, Punica granatumL. fruit peel and
Artemisia herba-albasso leaves were investigated in the rat agaimstnel-induced damage. Tannic acid,
Q. ilexandP. granatumextracts gave 100% precipitation of ovine haemaglab vitro, whereadA. herba-
alba extract was devoid of any protein-binding prope@yal administration of these plant extracts ontan
acid induced a significant decrease in gastriotesi(47.7%— 76%). The observed protection was more
pronounced when the test solution was given asémee time with ethanol, except fQr ilexextract. The
acid content of the stomach was significantly iasesl byP. granatum(368%) andA. herba-alba(251%)
extracts prepared in ethanol. It is suggestedrimtomeric and polymeric polyphenols can strengthen
gastric mucosal barrier.

7. Effect of water stress on physiological and biochemical behaviaf A. herba-alba

Guenaoui aimed to study and investigate the regpohé. herba-albato water deficit stress. Plants
were submitted for 36 days to 70 and 40 % CC aadekersibility of water deficit effect was assesbyg
analyzing the behaviour of water-stressed plantse dransferred to 100% CC treatment for 40 days.
Several parameters known as indicators of planustavere monitored after drought treatment and
subsequent re-watering. It was specially, aboutbis production, plant water content, chloroplsylhars
and praline contents and osmotic potential. Wateught led to a significant decrease of biomass
accumulation, water content and chlorophyll conterder both 70% and 40% CC. however, the intemsity
water stress showed a positive correlation withassignd praline accumulation. Well watered plahtsved
the higher biomass production but the lowest oaoimponents unlike treated plants which showed the
contrary evolution of these parameters. Droughgssir again, had a significant impact on the osmotic
potential of plants, thereby it showed a significdacrease (P< 0.05) when irrigation was reducetDéo
CC or 40% CC. the stop of stress and the re-watefilowed the progressive return to the initialues and
helped in the recovery of plants. Altogether, thds¢a indicated thaf. herba-albahas high aptitude
permitting adaptation to unkind environmental cdiodis of the natural habitat [144].

8. Thermodynamic properties and moisture sorption isotherms oA. herba-alba

Sorption isotherms oA. herba-albawere determined at three temperatures (30, 4%8K) and in the
range of water activity varying from 0.0572 to B8Jhe hysteresis effect was distinctly observeth&
range of temperature tested. Five sorption modele wsed to fit the experimental data. The GAB ggna
was the best model describing the equilibrium nuoéstata for desorption. The modified Halsey equmti
was the most suitable model for describing adsonpisotherms. Thermodynamic properties such as
differential enthalpy and entropy were determinedmf moisture sorption data, using the Clausius-
Clapeyron equation. The experimental data showed #nthalpy-entropy compensation theory was
applicable for the moisture sorption behaviouAdemisia herba-alb§145].

9. Genetic polymorphism study ofA. herba-alba

The morphological and chemical polymorphism obsgrige A. herba-albamay be due to a genetic
variability [146]. To investigate this variabilittylohsen and Ali [1] studied the genetic polymorphief
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this plant on DNA level using inter simple sequergmgeats (ISSR). The result of this study show ahatal

of 60 polymorphic loci were scored using our primegvealed no direct relation between morphological
traits, geographic distance and genetic distanoeref®gram analysis showed a patchy distributionhef
genetic variability ofA. herba-albaaccessions revealing the contribution of localegical and geographic
conditions on variability.

10. Microbial and heavy metals contamination

Alwakeel was conducted to evaluate the microbiattaminants and presence of toxic heavy metals on
some herbal medicines. Twenty-seven samples (3akd)eof well-known herbs and 5 kinds of henna
available in herb markets around Riyadh, Saudi krakere collected for microbial and toxic metal
contaminationArtemisia herba-albavas among the tested plants, which show the higheslcium [147].

11. Inhibition corrosion of steel

Benabdellah testefirtemisiaoil which is extracted fromrtemisia herba-albaollected in Ain es-sefra-
Algeria, as corrosion inhibitor of steel in 2 Ms;PD, using weight loss measurements, electrochem.
polarization and EIS methods. The naturally odluges the corrosion rate. The inhibition efficienaas
found to increase with oil content to attain 79%6ay/l. Ar acts as a cathodic inhibitor. The effef
temperature on the corrosion behavior of steelcatds that inhibition efficiency of the natural stamce
decreases with the rise of temp. The adsorptiothésm of natural product on the steel was detezthin
[148]. Also, the Essential oil frosArtemisia herba-albaested as corrosion inhibitor of steel in 0.5 M5B,
using weight loss measurements and electrocheraripation methods. Results gathered show that this
natural oil reduced the corrosion rate by the adithaction. Its inhibition efficiency attains theax. (74%)
at 1 g/L. The inhibition efficiency of Arm oil imeases with the rise of temp. The adsorption esathof
natural product on the steel has been détdherba-albaessential oil was obtained by hydrodistillatiord an
its chemical oil compounds were investigated byillzag GC and GC/MS. The major components were
chrysanthenone (30.6%) and camphor (24.4%) [149].

12. Biological effects toArtemisia herba-alba
12.1 G6PDH AND 6PGDH activities

Phenolic compounds were found to be phytotoxic tituents of many plant species extracts. Phenolic
compounds caused seeds dormancy, inhibit seed mgiom and suppress photosynthesisAimtemisia
herba-alba Phenolic compounds are primarily synthesizedufhothe pentose phosphate, and shikimate
pathway. Glucose-6-phosphate dehydrogenase (G6RbBiHB-phosphogluconate dehydrogenase (6PGDH)
are the key enzymes of pentose phosphate pathwey, in the biosynthesis of phenolic compound. Al-
Quadan and Al-Charchafchi studied the role playgdtie Phenolic compound esculetin in regulating
pentose phosphate pathway activityAiriemisia herba-albaluring seed germination. This is accomplished
by studding G6PDH and 6PGDH activities in the pneseand absence of esculetin. The result of these
study showed that germination Aftemisia herba-albaseeds in the presence of esculetin showed lower
G6PDH or 6PGDH activities compared to that gerngidah esculetin absence; however, the same enzymes
showed higher activities upon germination in thekdsompared to that under light. Both enzymes were
continuously increased from day one to day fiveirduigermination [150]. Al-Quadan, Ibrahim and Al-
Charchafchi measured also the effect of Chloroganit caffeic acids on G6PDH and 6PGDH activites of
A. herba-albaseeds during early stages of seed germination wustelitions of light and dark. GEGPDH and
6PGDH activities were inactivated in the presen€ebath phenolic acids and were stimulated upon
germination in the dark. This study provide evidewnc the variable needs of pentose phosphate pathwa
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activity, depending on concentrations of phenotitis present and /or light conditions; moreoverc|ear
response of such germination condition was eadigression of a second isoenzyme for G6PDH in the
presence of 0.4 mM Chlorogenic or caffeic aciddwapparently variable inhibitory pattern [151, 152]
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