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Abstract

The name of Artemisia is derived from Artemis, the Greek mythological goddess of the moon and hunting. Artemisia is a genus
comprising of over 20000 species belongs to the family of Asteraceae. Artemisia is a hardy herbaceous shrub known for valuable
secondary metabolites in their plant. Common names for various species involve mugwort, southern worts, sagebrush, and
wormwood. Presence of several bioactive ingredient participate in its broad spectrum bioactive activities through various mode of
action. Because of its widespread pharmacological activity, it has been used in folklore medicine from ancient time as an antibacterial,
antispasmodic, antiarthritic, anthelminthic agent and for the treatment of cancer, inflammation, malaria, menstrual related disorders
and in hepatitis. This review includes the traditional uses and pharmacological activities of different Artemisia species.
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Introduction

Artemisia is included in the tribe Anthemideae the wild Asteraceae family and comprises of over 500 species
which are mainly found in the Asia, North America, Europe and Southern Africa [Bishop JF et al,1996, Abad M)
et al, 2013, Bora KS et al, 2011]. A large member of Asteraceae tribe members are important as flower,
ornamental and used for essential oil extraction which exhibit several medicinal properties used in folk and
modern remedy. The plants of this family are gaining good reputation in cosmetic and pharmaceutical
industries [Teixeira da Silva J.A. et al, 2004]. Near 400 species of Artemisia have aromatic and bitter taste, main
herb used in vermouth which is identified to give the characteristic bitter taste [Willcox M, 2009].

Globally, genus artemisia is widely used as traditional medicine with well known medicinal values. The
therapeutic involves anti-malarial, antimicrobial, anti-inflammatory, antitumor, antioxidant, antispasmodic
and many other [Maria, M. N., et al, 2019]. The volatile oil fraction of artemisia mainly involve 1,8-cineole, -
pinene, thujone, artemisia ketones, camphor, caryophyllene, camphene and germacrene D [Pande A.K.et al,
2017] which act by different mechanism. Solubility of these components had been described in different
solvents like ]i) 1,8-cineole is soluble in water miscible with ether, alcohol, glacial acetic acid, oil, soluble in
ethanol, ethyl ether, slightly soluble in carbontetrachloride. ii) B- pinene is monoterpene colourless liquid
soluble in alcohol but not in water. iii) Thujone is soluble in water. iv) Artemisia ketone is practically insoluble
in water. v) Campbhor is slightly soluble or insoluble in water and have anti-inflammatory and analgesic.vi)
Caryophyllene is soluble in ethanol, oils and ether but insoluble in water. vii) Camphene is insoluble in water.
viii) Germacrene D is sesquiterpene and soluble in chloroform, dichloromethane, DMSO, ethyl acetate.

The solubility of artemisinin had been studied in 12 different organic solvents ethanol, butanol, acetone, ethyl
acetate, isopropyl acetate acetonitrile, hexane, heptane, 2-butanone, methyl tert- butyl-ether and toluene as
well as in three binary solvent mixtures of ethyl acetate+ethanol, ethyl acetyate +acetone, and ethanol
+acetone within the temperature range of 284.10 and 323.15 K [Gybaah, JN et al, 2010]. Similarly, the
solubility of artemisinin been reported in seven different solvents including methanol, ethyl acetate, acetone,
acetonitrile, cyclohexane, toluene and chloroform over the temperature range from (283.15 to 323.15) K at
atmospheric pressure. The solubility of artemisinin was then reported to increase with the increase in
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temperature in all the used solvents [Liu Y et al, 2009]. The best temperature with regard to thermal
decomposition and high productivity was reported to be at 80 °C for artemisinin. Also, conventional
percolation and soxhlation was found to be fit for the extraction of artemisinin [Sixt M et al, 2017].

1. Antibacterial activity

i) The antibacterial activity of hexane, ethanolic and methanolic extracts of Artemisia annua, Artemisia vulgaris
and Artemisia absinthium was assessed by Bauer-Kirby agar disk diffusion assay against five gram positive and
two gram negative bacteria and one fungal strain. They reported ethanolic extract of Artemisia annua more
effective against tested microorganism than ethanolic extract of other two species. They found that all
extracts of all three species showed moderate effects against gram negative bacteria [Antonia P et al, 2009].

ii) Methanolic extracts and essential oil of the plants have been reported for antimicrobial activity using disk
diffusion against 8 bacterial and 1 fungus. Staphylococcus aureus was reported to be most sensitive bacteria. A
scoporia most effective plant against Candida albicans [Sura E et al,2012]

iii) Artemisinin and bioactive compounds derived from in vitro plantlets of Artemesia annua were reported to
exhibit antimicrobial activity. These components have been found to be effective against gram positive and
gram-negative bacteria but inactive for Candida albicans. Their antibacterial activity was reported similar to
that of streptomycin [Appalasamy S. et al, 2014].

iv) Essential oil extracted by hydrodistillation from three species like Artemisia absinthium, A. sieberi and A.
scoparia had tested against different fungal and bacterial strains. Four common compounds i.e., limonene,
camphor, terpene-4-ol and ethyl 2- methylbutyrate were analyzed by combining gas chromatography-flame
ionization detector with the gas chromatography-mas spectroscopy technique. The antimicrobial activity of
essential oil from all species were evaluated by broth microdilution method. Researchers reported the growth
inhibiting potential of essential oil extracted from all three species of Artemisia [Ati, HY et al,2020].

v) Stem, Root and Shoot extraction with petroleum ether, acetone, 90% ethanol on water were tested
ethanol extract exhibit very moderate activity against B. subtilis, against S aureus and no activity against
Methicillin staphylococcus aureus (MRSA). In their study it was concluded that acetone is a better solvent for
the extraction of A. annua than ethanol [Mensah AA et al, 2015].

vi) Chloroform, butanol, and ethyl acetate extract of Artemisia indica along with Medicago falcata and Tecoma
stans reported to show high inhibitory activities against E. coli, P. aeruginosa, and S. aureus. However,
Artemisia indica reported to show inhibitory activity against Salmonella typhi [Javid T et al, 2015]

vii) Although the essential oil for all species shows common component but different in their composition.
Because of different composition variability in antifungal activity was reported by the researchers. The found
components were reported as davanone and its derivatives. The compounds with silphiperfolane skeleton,
estragole, davanone oil, beta thujone, sabinyl acetate, herniarin, cis-chrysanthenyl acetate, 1,8- cineol and
terpineol have been added as the main component of Artemisia essential oil [Obistioiu D et al, 2014].

viii) Effective results for antimicrobial activity of aqueous, alcoholic, petroleum ether, and benzene extract
from the leaves of Artemisia vulgaris had tested against Escherichia coli and Staphylococcus aureus by using
agar diffusion method in comparison with Gentamycin, Ampicillin, Tetracycline, Ciprofloxacin and Ofloxacin
antibiotics as standard [Hiremath SK et al, 2011].

ix) The work as antimicrobial agent on different species of Artemisia was reported. Artemisia lavendulaefolia
DC, Artemisia scoparia and Artemisia capillaries showed antimicrobial activity against the Streptococcus
mutans clinical isolates and reference strain [Seo JA et al, 2009].

x) Essential oil of Aremisia vulgaris had identified as sesquiterpenes, sesquiterpene hydrochlorides and
oxygenated monoterpenes. Researchers reported the antibacterial and antifungal activity against
Staphylococcus aureus and Candida albicans, respectively. Also, researchers found negative result for
antihelmintic activity against Haemonchus contortus [Malik S et al, 2019].

2. Hepatoprotective activity
i) Researchers has showed in vivo hepatoprotective activity of the aqueous extract of Artemisia absinthium L.
in mice. From histopathological study of mice liver they demonstrated that the aqueous extract of A.
absinthium have significantly attenuated the extracellular necrosis. They reported that the extract reduced
lipid peroxidation in the liver tissue and restore activities of defence antioxidant enzymes glutathion
peroxidase and superoxide dismutase towards normal level [Amat N et al, 2010].
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ii) The alcoholic extract of Artemisia absinthium was reported to lower the liver toxicity in rats trough
reducing the serum level of alanin aminotransferase, aspartate aminotransferase and oxidative damage at the
dose of 50mg/kg [Mohammadian A et al, 2016]. Similar in a study the preventive and curative effects of
Artemisia absinthium on acetaminophen and CCL, - induced hepatotoxicity have been reported. In this study
researchers concluded that the crude extract of A. absinthium exhibits hepatoprotective action partly through
microsomal drug metabolizing enzymes inhibitory action [Gilani, A.U.H et al, 1995].

iii) Researchers has reported the antioxidant and hepatoprotective activity for the standardize blend of
Schisandra chinensis, Artemisia capillaris and Aloe barbadensis. This compostion was shown to replenished
depleted hepatic glutathion in association with an increase of hepatic superoxide dismutase and also an
unexpected synergistic protection from liver damage was reported [Yimam M et al, 2016]

iv) .The nephroprotective and hepatoprotective activities of A. absinthium methanol and ethylacetate extract
had reported against diclofenac induced toxicity. From the histopathological study researchers observed that
A. absithium exhibits the potential to decrease hepatic and renal necrosis induced by diclofenac [Antonio
SGW et al, 2020].

v) The aqueous extract of C. dorserifolia aerial parts and the polar fraction of Artemisia annua have been
experimented for the characterization of hepatoprotective metabolites. Researchers reported that both the
extract restored the level of liver enzymes compared to CCl, intoxicated group. They identified more than 50
phenolic compounds for both the extracts and reported that hydroxycinnamoyl quinic acid and flavonoids
mainly responsible for their significant hepatoprotective activity [ Askary HE et al, 2019]

vi) The water extract of Artemisia annua have been reported to exhibit effective treatment against non-
alcoholic fatty liver disease. The inhibition of accumulation of lipids in HepG2 cells and protection of cells from
oxidative stress mediated damage through the activation of antioxidant enzymes and its own scavenging
activity [Choi EY et al, 2020].

3. Antihelmintic activity

i). Anthelmintic activity of Artemisia vestita wall ex DC and Artemisia martima L. extract against Haemonchus
controtus has been reported by using sheep as experimental animal.The result obtained were compared with
ivermectin to check the plant extract on survival of infective L3 and adults under in vitro condition.
Researchers infected sheep with L3 stage of 5000 larvae/sheep then plant extract was given to it orally. They
reported the significant decrease infaecal egg count of H. controtus after post treatment period for both plant
extracts [Irum S et al, 2015]

ii). The antihelmintic activity of Artemisia indica and Artemisia roxburghiana methanolic extract assessed
against mixed infection of gastrointestinal nematodes in small ruminants using albendazole 10 % as standard
drug. Baermann technique was used first time in larval mortality assay and was proved to be effective. The
maximum antihelmintic activity of methanolic extract for both the plants reported at the concentration of
50mg/ml but as compared to albendazole their statistically insignificant results were reported at the same
dose [Khan S et al,2015] .

iii). Antihelmintic activity of aqueous extract from Artemisia absinthium L and Malva sylvestris L was reported
against Haemonchus contortus in sheep. In the result researchers added insufficient intensity in the reduction
of parasitic infection because of the low varieties and lack in the synergy of plant polyphenols and combination
of bioactive compounds from both the plants. From the results they concluded that the study add new
knowledge on the antihelmintic effects of dry medicinal plant as dietary supplement [Mravcakova D et al
2020]

iv). Antihelmintic activity of artemisinin from Artemisia annua had been evaluated for anthelmintic activity in
ruminants. The aqueous, 0.1 % sodium bicarbonate, dichloromethane and ethanol extract evaluated in vitro by
egg hatch test and bicarbonate extract which was evaluated in vitro by the egg hatch test. The result showed
that the artemisinin and Artemisia annua treated sheep maintained the blood haematocrit throughout the
experiment but in untreated sheep significant decrease in haematocrit was reported [Cala AC et al, 2014].

v). The antihelminthic activity of crude aqueous extract of Artemisia absinthium to find out the alternative of
praziquantel was experimented against Hymenolepis nana. The plant extract was reported to induce worm
paralysis, death and ultrastructural alterations, such as tegumental damage, lipid accumulation, and
destruction of the nephridial canal and the intrauterine eggs, in a dose dependant manner. The significant
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reduction in the egg count per gram of faeces were also reported in the rat treated with A. absinthium extract
[Beshay EVN et al, 2018].

vi). Chloroform, methanol and aqueous extract of Artemisia indica reported for antihelmintic activity against
Pheretima posthuma. chloroform and methanol extract at the concentration of 6.25mg/ml reported to show
efficient antihelmintic activity and only chloroform extract at concentration of 2.5mg/kg was reported
significant in the comparison of standard drug Piperazine citrate [Sarnim G et al, 2013]

vii). The in vitro antihelmintic activity of ethanolic and aqueous extract of aerial part of Artemisia campestris
had investigated on eggs and adults of Haemonchus contortus. Hatching of the eggs were reported at the
concentration of 2mg/ml for both the extracts and complete inhibition reported at concentration of 0.83 and
1.00 mg/ml respectively for both ethanolic and aqueous extracts respectively. Researchers after chemical
analysis also reported that both the extracts dominated by flavonoids and among them quercetin and apigenin
were found to be main flavonoids. The results from their research indicates that Artemisia campestris is a
effective alternate treatment as an antihelminthic drug and also the flavonoids quercetin and apigenin can be
used to formulate effective drug against H. contortus [Akkari H et al, 2014].

4. Neuroprotective activity
i) The neuroprotective effect of Artemisia judaica extract have been reported in a murine diabetic mode.
Researchers tested the neuroprotective effect of A. judaica extract against neuronal deficits in diabetes model
induced by high fat dose and streptozotocine. In the result of this work researchers added that the extract of
A. judaica elevated significantly the neuronal impairment associated with diabetes and sugggested extract
may be use to elleviate neurological impairments in diabetic patients [Albasher G et al, 2020]. Neuroprotective
effect of methanolicextract of Artemisia absinthium L. reported on focal ischemia and reperfusion induced
cerebral injury. Researchers found the significant attenuation of the brain oxidative stress, damage and
behavioural deficits by pre treatment with methanolic extract of Artemisia absinthium [Bora K et al, 2010].
ii) Anti-inflammatory and immunomodulatory activity of Artemisia annua L. has been examined in mouse
model of contact hypersensitivity. From their result data they reported that topical administration of
artemisinin could effectively suppress contact hypersensitivity response and induced T cell proliferation, they
reported that artemisinin gave inhibitory effect on the production of IL-17 and diminish IL-6.these results
indicated the potential of artemisinin as effective in the treatment of immune related diseases [ LiTan et
al,2012].
iii) Anti-inflammatory and immunosuppressive effect of flavones isolated from ethanolic extract of Artemisia
vestita has been reported. The extract was found to possess significant inhibitory activity against the picryl
chloride induced contact hypersensitivity in mice. Researchers isolated nine flavones from the extract by
column chromatography as pectolinarigenin, Jaceosidin, crsilineol, crisimaritin, hispidulin, qurecetin,
methoxytricin, acacetin and apigenin. These compounds were reported for their inhibitory activity on the
proliferation and activation of T cells in vitro. In result they suggested that crisilineol, 6-methoxyttricine and
apigenin played a significant role to inhibit T cell proliferation and activation in the bioassay [Yin Ye et al,
2008].
iv) Evaluation of jn vitro immunomodulatory effect of methanolic extract of Artemisia indica wild has been
assessed in chicken lymphocyte culture system through lymphocyte proliferation assay. In their result they
reported significant upregulation of 11.76 % and 12.018 % in B and T cell proliferation in the presence of B
and T mitogen as compared to control [Ruwali P et al, 2018].
v). The in vitro immunomodulatory and anti-inflammatory activity of Artemisia khorassanica was evaluated. In
the result researchers reported that the ingredients present in the plant can be utilize to regulate the immune
responses and to improve several ailments related to immune disturbances [Rabe ZTS et al, 2015].
vi) Anti-inflammatory and immunomodulatory potential of methanolic extract of Artemisia amygdalina D was
evaluated using carrageenan paw oedema model using Wistar rats for inflammation and sheep red blood cells
pacific haemogglutination titre and delayed type hypersensitivity assay in Balb/C mice for observing the effect
of extract on immune system. In result, plant methanolic extract was reported to possess anti-inflammatory
and immunosuppressant activity [Mubashir K et al,2013].
vii). Ethanolic extract of Artemisia abrotanum evaluated in a study for its immunomodulatory activity by
testing humor and cellular immune response to the antigen challenging in healthy albino mice RBCs at the
dose of 100 and 200 mg/kg/day. Researchers found significant decrease in delayed type hypersensitivity
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response as well as the humoral response to sheep RBCs was reported in their result. They added ethanolic
extract of A. abrotanum shows non singnificant decrease in primary antibody titer and significant decrease in
secondary antibody titre at the dose of 200mg/kg/day [ Joghee S et al, 2013].

5.Antimalarial activity

i) A suppressive anti-paracytic activity of ethanolic extract from the leaves of Artemisia vulgaris had reported
upto 87.3% and 79% for 1000 and 500mg/kg against Plasmodium berghei murine model [Bamunuarachchi G
et al, 2013].Similarly the screening of antimalarial activity on Plasmodium berghei in mice had been reported
for Artemisia absinthium extract [Zafab M et al,1990].

ii) Antimalarial activity of green silver nanoparticals prepared from two artemisia species A. Arbotanum and A.
arborescens had been reported for antimalarial activity against Plasmodium falciparum. Both the silver
nanoparticle for A. arbotanum and A. arborescens had were dsignated as A. AgNPs (1) and A. AgNPs (2) in
their work. Researchers reported A. AgNMPs effective to stop the growth of parasite in ring stage [ Avitabile, E
et al, 2020].

iii) The six organic extracts of Artemisia nilagirica had been evaluated for antimalarial activity against
Plasmodium falciparum. All n-hexane, chloroform, petroleum ether, ethanol, methanol and aqueous extracts
were noticed to possess promising antiplasmodial activity [Panda S, 2018].

iv) Exiguaflavone A and B extracted from Artemisia indica wild had been reported to possess in vitro
antimalarial activities against Plasmodium falciparum at the dose of 4.60*10® and 7.05*10°. ,
methylenedioxybenzofuran were also added in the study [Chanphen R et al, 1996].

v). The comparative study between flavonoids and artemisinin have been reported to show which one is
mainly responsible for antimalarial activity in Artemisia annua. Before it was assumed that either flavonoid
alone responsible for antimalarial activity or act with artemisinin or give synergism with artemisinin. In this
study it was cleared that only artemisinin is responsible for the antimalarial activity in A. annua [Czechowski T
et al, 2019].

vi). Ten different polarity extracts from Artemisia aucheri Bioiss and Artemisia armeniaca Lam. had screened
for their antimalarial properties by in vitro beta hematin formation assay. The dichloromethane extracts of
both plants were reported to show significant antimalarial activity. Researchers isolated seven fractions from
dichloromethane extracts of both plants by vacuum liquid chromatography using silica gel and different
polarity solvents mixture. Seven fractions were isolated from dichloromethane extracts of both plants. Two
fractions from extract from A. armeniaca and four fraction from A. aucheri were reported to show significant
antimalarial activity [Mojarrab M et al, 2014]

vii).Similarly, ten extracts by cold meceration method from two species of Artemisia namely A. kopetdaghensis
and A. turcomanica had been evaluated for their antiplasmodial activity.researchers assessed antimalarial
activity for all extracts beta haematin formation method.in result the dichloromethane extract of A.
Koptaghensis and petroleum ether extract of A.turcomanica found to show remarkable antimalarial activity.
Ether extract of A. turcomanica possessed greatest antimalarial activity and can be used to formulate novel
antimalarial formulation [Mojarrab, M et al, 2016].

Antimalarial market formulations (Table 1) Artemisinin is mainly known for antimalarial activity which is
commercial with following products in market.

6. Cardioprotective activity
i). Cardiovascular effect of aqueous extract of Artemsia afra and long chain fatty acid mixture and scopolatin
isolated from the plant had been tested in rabbits. Long chain fatty acids were found to induce hypotensive
effect and in that the diastolic pressure had noted more than the systolic. Scopoletin was observed to induced
dose dependent decrease in inotropic activity eith appreciable chronotropic effect. Also researchers added
that the aqueous extract of A. afra exhibit hypotensive activity in vivo and biphasic effect on heart in vitro.
From their result they concluded that A.afra and its constituents can be utilize to manage hypertensive
conditions [Gauntai AN et al, 2008]. The cardioactive activity had been given for A. sieberi along with
nephroprotective, hepatoprotective and antidiabetic potential in rat [Ishaid Fl et al,2012].
ii) The hypotensive activity of aqueous extract of Artemisia herba alba was reported in spontaneously
hypersensitive rat. Lyophilized dose of 150mg/kg for 20 days daily were administered to rats. After eight days
of administration significant decrease in systolic blood pressure was recorded and at the end of treatment
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sustained decrease was found. Researchers also corded no change in heart rate during 20 days of drug
administration they observed urinary sodium and potassium excretion from fourth day of experiment and also
increase in chloride excretion from day eight, it was reported that the extract have no effect on plasma
angiotensin-converting enzyme activities [Zeggwagh NA et al, 2008].

7. Antiepileptic activity

i). Anticonvulsant activity of diethylether, chloroform and ethanol extracts of Artemisia nilagirica was
reported by using phenylenetetrazole induced convulsion in swiss albino mice. From the result they added
that among the extract ethanol extract showed better result than chloroform result but were less potent than
diazepam treatment. They observed no anticonvulsant activity for diethyether extract [Santilna KS et al, 2014].
ii). The antiepileptic activity and essential oil composition from the aerial parts of Artemisia dracunculus L. had
been assessed. Dose and time dependent antiseizer activity of essential oil was reported in both maximal
electroshock and pentylenetetrazole model of experimental seizure. Monoterpenoids presence in the
essential oil was supposed to be responsible for anticovulsant and sedative effects they added [Sayyah M et al,
2004].

iii) The effect of hydroalcoholic extract of Artemisia persica was investigated on pentylenetetrazole-induced
seizure and memory impairment in mice. Significant increase the serum and brain level of malondialdehyde.
The extract was reported for significant improvement in pentylenetetrazole-induced memory impairment.
Also, the extract of A. persica was reported to have protective effect against phenyltetrazole-induced seizure
[Daneshkhah M et al, 2019].

iv) Anticonvulsant activity of essential oil from the fresh leaves and flowering tops of the Artemisia abrotanum
collected from the Nilgiri Hills reported in pentylenetetrazole injected swiss albino mice. Sigificant delay in one
set of myoclonic seizures was reported at the dose of 100mg/kg. No significant changes in the convulsive
parameters was recorded at the dose of 400 and 800mg/kg in comparision with control vehicle group
[Dhanabal SP et al,2007]

8. Antiasthmatic and bronchodilator activity
i) The folkloric use of Artemisia vulgaris in hyperactive gut and airway disorders have been proved by
confirming anticholinergic and Ca?* antagonist mechanism. Also, it was reported that the antisplasmodic and
bronchodilator activities of artemisia vulgaris acted through muscarinic receptor and calcium reflux blockage.
Researchers study these activities in the crude extract of the plant in isolated tissue preparation of guinea pig
trachea and rabbit jejunum as well as in the in vivo castor oil induced diarrhoea and bronchodilator
techniques. The reported presence of secondary metabolites like saponin coumarin alkaloids, flavonoids,
sterols tannins and terpenes were found to cause dose dependent relaxation of jejunum spontaneous
contraction. The extract was reported to inhibit the carbachol induced concentration in a pattern similar to
that of dicyclomine. Also the protective effect for castor oil induced diarrhoea in rodent was reported in
similar manner [Khan AU et al, 2009].
ii) Bronchodilatory activity of butanolic extract Artemisia caerulescens subsp. gallica on anaesthetized gunea
pigs and in vitro preparation of guinea pig trachea was reported. In this study researchers found the
antagonistic action of the extract on acetylcholine and histamine induced bronchoconstriction [Moran A et al,
1989]
iii) Chloroform extract of the Artemisia annua L. has found to relax the mouse airway smooth muscle.
Researchers prove chloroform extract of Artemisia annua L. by using patch-clamp technique and ion channel
blockers to explore the mechanism to find the mechanism for the relaxant effect of chloroform extract. The
extract was reported to eliminate acetylcholine and K* elicited contractions of mouse tracheal rings. In the
result of this work researchers reported that the chloroform extract almost fully abolished voltage dependent
ca®* channel current and markedly enhanced large conductance ca?* activated K* channel on airway smooth
muscle cells [Huang J et al, 2017].
iv) Artemisia absinthium have been reported to show a higher antitussive effect on cough induced by ammonia
compared with the other studied medicinal plants [Saadat S et al, 2018].
v) Expectorant, Antitussive and Antiasthmatic activity of Artemisia annua was reported for its essential oil.
Significant expectorant action of its volatile oil was reported using phenol red method in mice. Mice were
fumigated with strong ammonia to check the antitussive action of volatile oils from A. annua whereas its
3683



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

antiasthmatic action was performed by contrast-pressure histamine-acetylcholine spraying method in whole
guinea pigs. Single 0.24 mL/kg dose of volatile oil after intragastric administration significantly reduce in grade
IV responses to histamine given by number of animals used in the study [YuYu, Tu et al,2017].

9. Antiulcer activity

i) Dihydro-epidexyarteanniuin B, deoxyartemisinin and artemisinin from the sesquiterpene lactone-enriched
fraction had extracted from ethanolic extract of Artemisia annua L. These compounds were tested on ethanol
and indomethacin induced ulcer models. Only first and second compounds were reported to decrease the
ulcerative lesion index. Artemisinin did not show any cytoprotection in the experimental model used here
[Foglio MA et al, 2002].

ii) Significant decrease in the volume of gastric juice in rats had been reported for the extract from Artemisia
absinthium L. with this acid output and peptic activity but no effect was reported on mucin activity in
acetylsalicylic ulcerated rats. Also, the significant decrease in ulcer index was reported [Shafi N et al 2004].

iii) The protective effect of aqueous extract of Artemisia campestris had given against aspirin induced gastric
lesion and oxidative stress in rat. Researchers suggested potent antiulcer and anti-oxidant activity of A.
campestris. They found that up to an extent the ability of its aqueous extract to counteract the gastric mucosal
damage might be related to the safety of sulfohydryl group in addition to its opposite effect on some
intracellular mediators like free ion, calcium and hydrogen peroxide [Sebai H et al, 2014].

iv) The antiulcer activity of ethanolic extract of Artemisia absinthium checked on lesions due to Leishmania
major parasites in BALB/C mice. In this study researchers selected 40 mice and in each mouse 3 to 5x103
amastigotes of standard Leishmania major b strain were inoculated intravenously in their tail base region.
From the result researchers concluded that the oral administration of extract showed an effect similar to
standard drug Glucantime® and led to repair of ulcer. They also reported that A. absithium extract by oral
administration caused ulcer size reduction and tissue repair [Azizi K et al, 2016]

10. In Renal disease

i) The effect of ethanolic extract of Artemisia deserti was reported on pathology and function of wistar rat
kidney.no significant change in urine and uric acid was observed in this study but significant change in
creatinine was observed some rats. Histological changes were also observed in the kidney. Congestion of
inflammatory cells, glomerular atrophy, and degeneration of the renal tubules were reported [Noori A et al,
2014].

ii) Study on Artemisia absinthium performed for poorly responsive early- stage IgA nephropathy had done by
using pilot-controlled trial as study design. Monthly assessment of urine protein- creatinine ratio and blood
pressure measurement were also performed. The significant decrease in urine protein creatinine ratio and also
significant mean arterial blood pressure [Krebs S et al 2010].

iii) A study to check the proficiencies of Artemisia scoparia against CCl,induced DNA damage and renal toxicity
in rat was had performed. Significant reduction in the DNA damage in rats after co-administration of
methanolic extract of Artemisia scoparia intraperitoneally had been reported. From the result researchers
reported about the therapeutic role of the extract in oxidated stress related disorder in kidneys [Sajid M et al
2016].

iv) The effect of Wormwood extract had been investigated for reduction of renal toxicity in Azathioprine
treated rat. From the result researchers reported that wormwood extract reduces the pathological effects of
azathioprine in rats due to its antioxidant properties [Farzaneh F et al, 2015].

v) Protective effect of Artemisia asiatica extract and its active compound Eupatilin have been studied for their
renal protective action against Cisplatin. The results of the study suggested that both extract of Artemisia
asiatica and eupatilin bearing the ability to cure the Cisplatin induced renal damage [Park JY et al, 2015].

vi) Nephroprotective activity for hydroalcoholic extract of Artemisia arborescens against oestroprogestative
induced kidney damage in wistar rats had evaluated. From the result researchers reported the A. arborescens
showed protection against the oestroprogestative induced neptrotoxicity by restoring the activity of kidney.
This protective effect had been mainly attributed to antioxidant properties as well as the presence of phenolic
acids and flavonoids after HPLC detection [Dhibi S et al, 2016].

11. Diuretic activity
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i) High therapeutic efficacy of Artemisia annua and Artemisia afra reported for the treatment of diabetes by
collecting data from five case reports. This result had been reported first time for these Artemisia species teas
in humans. They reported that blood sugar could be lowered to standard level and added it as polytherapy
where various constituents from plants participated for synergistic work with no toxicity and side effect
[Munyangi J et al, 2020].

ii) Ethanol extract of Artemisia absinthium have been evaluated for its antidiabetic activity in alloxon induced
diabetic rats taking glibenclamide for treatment. Significant decrease in the blood glucose level was
determined in Artemisia absinthium ethanolic extract treated rats and also in the glibenclamide treated group.
In the conclusion of this study researchers added that A. absinthium acts in similar manner as glibenclamide
[Daradaka, HM et al, 2014].

iii). Petroleum ether, ethyl acetate, methanol and hydroethanolic extract of Artemisia amygdalina had been
tested for their antidiabetic activity in streptozotocin induced diabetic rats. After biochemical, physiological
and histopathological study of diabetic rats significant hyperglycaemic activity have been reported. From the
histopathological study of the treated rats it get cleared that extract exerted the regenerative protective effect
on B-cells of pancreas in diabetic rats [Ghazanfar K et al 2014].

12. Antidepressant activity

i) Polyphenol and flavonoid fraction from the aerial part of Artemisia absinthium at its flowering stage had
been checked for its antidepressant activity by forced swimming and tail suspension method on swiss albino
mice. Better antidepressant activity was observed in combination of all components present in the extract
except polyphenol fraction [Ahangar N et al, 2011]. In a similar study, antidepressant and antioxidant activity
of Artemisia absinthium L. at its flowering stage had been determined by forced swimming and tail suspension
method. A. absinthin extract showed significant reduction in immobility period in both the model. Extract dose
at 500 mg/kg was reported to show similar action as that of 10 mg/kg dose of imipramine which was used as
standard drug in this study [Mahmoudi M et al, 2009].

ii) Comparison between Artemisia dracunculus and Stachys lavandulifolia antidepressant activity, their
phenolic and flavonoid contents. In this study the antidepressant activity of extracts was compared by using
forced swimming and tail suspension method. Because of the major role of phenolic and flavonoid contents
their quantity had also been checked. No significant difference of phenolic components were observed but S.
lavandulifolia found to have more flavonoid contents. Both the plant extracts were reported to have
antidepressant activity but it was reported less for A. dracunculus [Jahni R et al,2019]

iii) The chlorogenic acid isolated from Artemisia capillaris thumb had evaluated for its antidepressant effect.
The expression of the pituitary gland and hypothalamic POMC mRNA or plasma B-endorphin levels were found
to be increased by Artemisia capillaries thumb extract or its flavonoids administered orally. Antidepressant
activity was studied using forced swimming and tail suspension method and rotarod test in a chronically
restrained immobilization stress group in mice. Significant reduction in immobility time was recorded and in
rotarod test, the riding time remained similar to that of the control group at 15rpm. From these results
researchers concluded that the flavonoid isolated from A. capris thumb shows a potent antidepressant activity
[Park S.H et al, 2010]

13. Larvicidal activity

i). The larvicidal activity of ethanolic leaf extracts of Artemisia campestris var. glutinosa and Artemisia
molinieri on mosquito Culex pipiens Linnaeus. Artemisia molinieri was reported to show more larvicidal activity
than Artemisia campestris var. glutinosa after 48 hours of exposure but calculated lethal concentration after
48 hours were found less for both plant extracts. Researchers also added that the cultivation of Artemisia
molinieri having a value as environmental friendly biocide and its culture development may be of interest for
both pesticide activity and conservation purposes [Masotti V et al, 2012].

ii). Methanolic extract of root, stem and leaf of Artemisia vulgaris had evaluated for its larvicidal activity
against Culex quinquefasciatus. By exposing larvae of Culex quinquefasciatus. for 24 hours to different
concentration of (in ppm) methanolic extract of leaf roots and stem researchers noted that the leaves extract
resulted significantly higher mortality than that of leaves and stem. In the conclusion they indicated that the
methanolic extract of Artemisia vulgaris may be a good source of preparation for pest control especially for
mosquito control [Llahi, Ikram et al, 2013].

3685



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

iii) The larvicidal efficacy of volatile oils from Artemisia absinthium and its three major chemical constituents
against six mosquito vectors.

Percentage of toxicity with lethal concentration of toxicity for methanolic extract leaves, stem and roots was
studied (Table 2) and after hydrodistillation of leaves, stem and roots, researchers analysed the volatile oil by
GC-MS spectrometry (Table 3). After this study researchers concluded that the essential oil from the A.
absinthium could be effective in mosquito larvicides and can be employed in malaria and arbovirus control
programs [Govindarajan M et al, 2016].

iv) Larvicidal activity of Artemisia vulgaris L., stem essential oil was evaluated against the dengu vector
Aedesaegypti. The compositionofthe volatile oil was reported as camphor, camphene, a-thujone, 1,8- cineole,
y-muurolene and B-caryophyllene. The 100 % larval mortality was reported from 500 ppm oil solution with an
exposure time of 8 hours. In conclusion researchers concluded that such natural insecticide could be used in
the place of synthetic insecticides [Govindaraj S et al, 2013].

v) larvicidal and repellent activity of leaf essential oil from Artemisia vulgaris against vector of dengue fever
Aedes aegypti. Highest mortality rate was reported after 24 hours exposure period of third and fourth stage
(Table 4). From the histopathological study of larvae researchers found cleared that 50% concentration of the
essential oil showed the highest repellent activity at 60 min. protection time against A. aegypti female
mosquitoes. To clarify the results molecular docking calculation was performed with the active components
from volatile oil as ligand and NS3 protease domain as receptor [Balasubramani S et al, 2018]. (E)-B-
caryophyllene was reported to bind strongly with NS3 protease domain than other components and was found
to be responsible insecticidal activity.

vi). Larvicidal activity of four solvents leaf extracts from Artemisia annua taking four different concentrations
had been assessed against Aedes aegypti under laboratory condition. Aqueous, ethyl acetate, chloroform and
ethanol were selected as four solvents for extraction. Among all, ethanol and aqueous extracts were reported
to show higher mortality of A. aegypti. Both the extracts were reported to show concentration dependent
toxicity against A. aegypti. From the result of the study it become clear that both these extract from the leaves
of artemisia annua can be utilized for management of dengue fever mosquitoes [Alanazi NA et al, 2018].

vii) Ethanolic leaf extract and flower extract and leaf essential oil from Artemisia vulgaris had been evaluated
for larvicidal effect against Aedes aegypti larvae of Myanmar strain. The leaf and flower extract were reported
to exhibit strong larvicidal activity against third and fourth stage of Aedes larvae whereas the leaf essential oil
were reported to protect from the bites of Aedes mosquitoes [Mya MM et al, 2016 ].

Viii) Chemical composition and larvicidal activities of essential oils of medicinal plants, Artemisia sieberi and
Tanacetum balsamita against malaria vector, Anopheles stephensi have been reported (Table 5) [Kazempour S
et al, 2020].

14. Wound healing activity

i) Wound healing activity of five and ten percent Artemisia absinthium essential oil have been reported. After
GC-FID and GC-MS analysis essential oil was reported as camphor and chamazulene. Significant effect had
been reported for ointment prepared with ten percent essential oil. This ointment enhances skin wound
epithelialization and speeded up the healing process [Benkhaled A et al, 2020]

ii) Artemisia sieberi petroleum ether extract have been evaluated for second degree burn on mice in
comparison with one percent ointment silver sulfadiazine and negative control which was kept untreated. A.
sieberi extract was found to heal via significantly decreased inflammation, increased granulation tissue,
hydroxyproline content and healing percentage in comparison to negative control [Katadj JK et al 2016].

iii) The wound healing activity of ethyl acetate fraction of Artemisia vulgaris linn., had been evaluated. Along
with ethyl acetate the methanolic and chloroform extracts were fractionated to check the chemical
component of the plant. The ethyl acetate fraction yielded the highest phenol and flavonoids than other two.
Researchers selected ethyl acetate fraction to evaluate the wound healing activity after dissolving in tween 80
to make 25% and 50 % suspension of it. The wound healing activity was tested in the excision wound model
and incision wound mode against 2% Mupirocin ointment as standard drug. The wound healing capacity of this
was reported to be similar as compare to standard [Tolentino MS et al, 2016].

iv) Aqueous extract of Artemisia campestris have been reported to exhibit major important wound healing
activity due to the antioxidant, anti-inflammatory activities of its constituents [GhlissiZ et al,2016].

3686



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

v) Essential oil from Artemisia Montana evaluated for skin regeneration using normal human keratinocytes.
Essential oil at the dose 50,8.5 pug/ml increased cell proliferation in HACats. From this result it was reported
that the essential oil is efficient to induce proliferation and might increase the synthesis of collagen in human
skin keratinocytes and can be utilize for wound healing [YoonMS et al, 2014].

vi) Wound healing potential of Artemisia dracunculus had assessed in combination with chitosan nanoparticle
biofilm on MRSA infected excisional wound. From the result of this study Artemisia dracunculus with chitosan
nanoparticlebiofilm resulted in significant improvement in full thickness wound healing. Also, the utilization of
Artemisia dracunculus with chitosan nanoparticle biofilm was justified [RanjbarR e al, 2018].

vii) The antimicrobial and wound healing efficacy of reaction mixture of hot methanolic extract of leaves of
Artemisia absinthium prepared in milli-Q water and assed for its antimicrobial activity in Gram-positive and
Gram- negative activity. Also, the wound healing activity of reaction mixture had been screened in male rats
by comparing with standard povidone iodine [SultanMH et al, 2020].

The study time frequency for various pharmacological activities from different Artemisia species represents in
Table 6 and Fig. 1

In Ayurveda whole plant (Panchanga) of Artemisia vulgaris (Table 7) has been mentioned for its ability to
reduce all ailments in the body as ‘Tridoshahara’ (all dosha in body) .

Conclusion

Genus Artemisia is a versatile plant having several inherent biological activities. The present review is a
compilation of different pharmacological activities for different species of Artemisia. The plant is having
remarkable antimalarial, antibacterial, anthelmintic, neuroprotective larvicidal and wound healing effect.
Though several antimalarial market formulations were found to be reported, the plant need novel product
formulation for market. From the study it is concluded that the plant needs more study for the renaissance of
its medicinal properties in pharmaceutical sciences, cosmetics and for the formulation of new drugs from its
active constituents.

Acknowledgement.
None

Declaration of interest.
The authors are declaring no conflict of interest

References

1. Abad MJ, Bedoya LM, Apazal, Bermejo P.2012. The Artemisia L. genus: a review of bioactive essential
oils. Molecules. 17(3): 2542-2566.[Pub Med] [Google scholar]

2. Abhay, K., Pandey, M. and Pooja, S., 2017. The Genus Anthemis: a 2012—-2017 Literature review on
chemical composition, antimicrobial, insecticidal and antioxidant activities of essential oils. Medicines
(Basel).4:68-75 [Google Scholar]

3. Ati HY, Shagufta P, Orfali R, Al-Taweel AM, Aati S, Wanner J, Khan A, Mehmood R. 2020. chemical
composition and antimicrobial activity of the essential oils of Artemisia absinthium, A. scoparia and A.
sieberi grown in Soudi Arabia. Arabian journal of chemistry. 13: 8209-8217. [Research gate]
https://doi.org/10.1016/j.arabjc.2020.09.055

4. Addo-MensahA, Garcia G, Maldonado IA, Anaya E, Cadena G, LeelLG. 2015. Evaluation of antibacterial
activity of Artemisia vulgaris extracts. Research J. Medic Plants. 9:234-40. [Scialert] [Google
scholar] DOI: 10.3923/rjmp.2015.234.240

5. Amat N, Upu H, Blazekovic B. 2010. In vivo hepatoprotective activity of the aqueous extract of Artemisia
absinthium L. against chemically and immunologically induced liver injuries in mice. Journal of
ethnopharmacology. 131(2): 478-484. https://doi.org/10.1016/].jep.2010.07.023[Google Scholar] [Pub
Med]

6. AntonioSGW, Carmen RSC, Vector EVLTVJoseLCR, Abhel ACP, CinthyalAV, Cesar DGS, SegundoRR.2020.
Hepatoprotective and nephroprotective activity of Artemisia absinthium L. on diclofenac-induced
toxocity in rats. Pharmacogn J.12(5): 1032-1041

3687



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

7. AkkariH, Rtibi K, B’chir F, Rekik M, Darghouth MA,Gharbi M.2014. In vitro evidence that the pastoral
Artemisia campestris species exerts an anthelmintic effect on Haemonchus contortus from
sheep. Veterinary Research Communications. 38(3): 249-255.

[Google Scholar] [Pub Med] http://www.researchgate.net/publication/263971982

8. Albasher G, Aljarba N, Al Sultan N, Algahtani WS,Alkahtani S. 2020. Evaluation of the neuro-protective
effect of Artemisia judaica extract in a murine diabetic model. Journal of Food Biochemistry, 44(8),
p.e13337. [Google Scholar] DOI:10.1111/jfbc.13337

9. Avitabile, E., Senes, N., D’Avino, C., Tsamesidis, |., Pinna, A., Medici, S. and Pantaleo, A., 2020. The
potential antimalarial efficacy of hemocompatible silver nanoparticles from Artemisia species against P.
falciparum  parasite. Plos  one, 15(9), p.e0238532. [Pub Med], [PLOS ONE] DOI:
10.1371/journal.pone.0238532, https://journals.Plos.org

10. Azizi K, Moemenbellah FSHMD, Fard QA, Mohammadi-Samani S. 2016. Antiulcer activity after oral
administration of the wormwood ethanol extract on lesions due to Leishmania major parasites in
BALB/C mice. Asian Journal of Pharmaceutical Research and Health Care. 8(2). [Google Scholar] DOI:
10.18311/ajprhc/2016/661

11. Ahangar N, Mirfetros S,Ebrahimzadeh M.2011. Antidepressant activity of polyphenol fraction of
Artemisiaabsinthium L. Pharmacologyonline. 1: 825-832. [Google Scholar]
https://Pharmacologyonline.silae.it

12. Amiri K, Bekkari N, Débbakh A, BenmalekA, Bouchahm N. 2011.Caractérisation des eauxusees des rejets
domestiques de la ville de Touggourt (Algérie). Journal Algérien des Régions Arides. [Google Scholar]
DOI: 10.1016/j.crvi.2011.10.003

13. Alanazi NA. 2018. Larvicidal effect of Artemisiaannua (Asterales: asteraceae) against the dengue fever
mosquito vector Aedes aegypti (Diptera: Culicidae). Int. J. Mosq. Res,.5:.35-38. [Google scholar]

14. BoraKS, SharmaA. 2011. The genus Artemisia: a comprehensive review. Pharmaceutical
Biology. 49(1):101-109. [Pub Med] [Google scholar]

15. Beshay EVN. 2018. Therapeutic efficacy of Artemisia absinthium against Hymenolepisnaina: in vitro and
in vivo studies in comparison with the anthelmintic praziquantel. Journal of helminthology. 92(3):298-
308. [Google Schoolar]
http://www.cambridge.org/core/terms., https://doi.org/10.1017/50022149x17000529

16. Bora KS, Sharma A. 2010. Neuroprotective effect of Artemisiaabsinthium L. on focal ischemia and
reperfusion-induced cerebral injury. Journal of ethnopharmacology. 129(3): 403-409.

[Google Sholar] [Pub Med]DOI: 10.1016/j.jep.2010.04.030

17. Benkhaled A, Boudjelal A, Napoli E, Baali F, Ruberto G. 2020. Phytochemical profile, antioxidant activity
and wound healing properties of Artemisiaabsinthium essential oil. Asian Pacific Journal of Tropical
Biomedicine. 10(11): 496.

DO0I:10.4103/2221-1691-294089 [Google Scholar]

18. Balasubramani S, Sabapathi G, Moola AK, Solomon RV, VenuvanalingamP,Bollipo DianaRK, 2018.
Evaluation of the Leaf Essential Oil from Artemisiavulgaris and Its Larvicidal and Repellent Activity
against Dengue Fever Vector Aedesaegypti—An Experimental and Molecular Docking Investigation. ACS
omega. 3(11):15657-15665.

[PubMed], [Google scholar] http://dpi.org/10.1021/acsomega.8b01597

19. BamunuarachchiG,Ratnasooriya WD,Premakumara S, Udagama,P.V.2013 Study of anti-malarial activity
of Artemisia vulgaris leaf extract, using the Plasmodiumberghei murine model.Jurnal of vector born
diseases.50:278-284 [Pub Med] https://www.researchgate.net/publication/235854397

20. Choi EY, Choi JO, Park CY, Kim SH, Kim D. 2020. Water Extract of Artemisiaannua L. Exhibits
Hepatoprotective Effects Through Improvement of Lipid Accumulation and Oxidative Stress-Induced
Cytotoxicity. Journal of Medicinal Food. 23(12): 1312-1322. [Google Scholar]
https://doi.org/10.089/jmf.2020.4696

21. Cala AC, Ferreira JF, Chagas ACS, GonzalezJM, RodriguesRA, Foglio MA, Oliveira MC, Sousa M,
Magalhaes PM Junior WB. 2014. Anthelmintic activity of Artemisia annua L. extracts in vitro and the
effect of an aqueous extract and artemisinin in sheep naturally infected with gastrointestinal
nematodes. Parasitology Research. 113(6): 2345-2353.[Google Sholar] [Pub Med]
https://doi.org/10.1007/s00436-014-3891-z

3688



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Chanphen R, Thebtaranonth Y, WanauppathamkulS, YuthavongY.1998. Antimalarial principles from
Artemisiaindica. Journal of natural products.61(9): 1146-1147.[Pub Med] [Google Scholar]
https://doi.org/10.1021/np980041x

CzechowskiT, Rinaldi MA, Famodimu MT, Van Veelen M, Larson TR, Winzer T, Rathbone, DA, HarveyD,
Horrocks P Graham IA. 2019. Flavonoid versus artemisinin anti-malarial activity in Artemisiaannua
whole-leaf  extracts. Frontiers in plant science.10: 984 [Pub Med] [Google Scholar]
https://doi.org/10.3389/fpls.2019

DaneshkhahM, Setorki M. 2019. Effect of Artemisiapersica on seizure severity and memory and learning
disorders in pentylenetetrazole-kindled mice. Bangladesh Journal of Pharmacology14(1), 36-44. [Google
Scholar] DOI: https://doi.org/10.3329/bjp.v14i1.38037

Dhanabal SP, Paramakrishnan N, Manimaran S, Suresh B. 2007. Anticonvulsant potential of essential oil
of Artemisiaabrotanum. Current Trends in Biotechnology and Pharmacy. 1(1):112-116. [Google Scholar]
http://abap.co.on

Dhibi S, Bouzenna H, Samout N, Tlili Z, Elfeki A,Hfaiedh N.2016. Nephroprotective and antioxidant
properties of Artemisiaarborescens hydroalcoholic extract against oestroprogestative-induced kidney
damages in rats. Biomedicine & Pharmacotherapy. 82: 520-527. [Google  Scholar]
https://doi.org/10.1016/j.biopha.2016.05.020

Daradka HM, Abas MM, Mohammad MA, Jaffar MM. 2014. Antidiabetic effect of Artemisiaabsinthium
extracts on alloxan-induced diabetic rats. Comparative Clinical Pathology. 23(6): 1733-1742. [Springer
Links], [Google Scholar] https://doi.org/10.1007/s00580-014-1963-1

ERELSB, Reznicek G, Senol SG, YavasogluNUK, KonyaliogluS, Zeybek AU. 2012. Antimicrobial and
antioxidant properties of Artemisia L. species from western Anatolia. Turkish Journal of Biology.
36(1):75-84. [Google Scholar] [Research gate] DOI: 10.3906/biy-0912-27

El-AskaryH, Handoussa H, Badria F, El-Khatib AH, Alsayari A, Linscheid MW,Motaal AA. 2019.
Characterization of hepatoprotective metabolites from Artemisiaannua and Cleomedroserifolia using
HPLC/PDA/ESI/MS—MS. RevistaBrasileira de  Farmacognosia. 29(2):213-220.  [Google  Scholar]
https://doi.org/10.1016/j.bjp.2018.10.001

Fox R, Bishop JF, Matthews JP, YoungGA, SzerJ, GillettA, Joshua D, Bradstock K, Enno A. Wolf MM, 1996.
A randomized study of high-dose cytarabine in induction in acute. Blood. 87(5): 1710-1717. [Pub med]
[Google scholar]

Foglio MA, Dias PC, Antonio MA, Possenti A, Rodrigues RAF, da Silva EF, Rehder VLG, de Carvalho JE.
2002. Antiulcerogenic activity of some sesquiterpene lactones isolated from Artemisia annua. Planta
medica. [PubMed] [Google Scholar] Doi: 10.1055/s-2002-32570

Farzaneh F, Ebrahim HS, Akbar V. 2015. Investigating on Effect of Wormwood Extract on Reduction of
Renal Toxicity in Treated Rats by Azathioprine. Biomedical and Pharmacology Journal. 8(1):291-299.
GilaniAUH, Janbaz KH. 1995. Preventive and curative effects of Artemisia absinthium on acetaminophen
and CCl4-induced hepatotoxicity. General Pharmacology: The Vascular System. 26(2): 309-315. [Google
scholar] [Pub Med] http://doi.org/10.1016/0306-3623(94)00194-R

Guantai AN, Addae-Mensah 1.1999. Cardiovascular effect of Artemisia afra and its
constituents. Pharmaceutical Biology37(5):.351-356. [Google Scholar] DOI:10.1076/phbi.37.5.351.605
Ghazanfar K, Ganai BA, Akbar S, Mubashir K, Dar SA, Dar MY,Tantry MA. 2014. Antidiabetic activity of
Artemisia amygdalina Decne in streptozotocin induced diabetic rats. BioMed research international.
2014. [PubMed], [Google Scholar] https://doi.org/10.1155/2014/185676

Govindarajan M, Benelli G. 2016. Artemisia absinthium-borne compounds as novel larvicides:
effectiveness against six mosquito vectors and acute toxicity on non-target aquatic
organisms. Parasitology research. 115(12): 4649-4661. [Springer links], [Pub Med], [Google scholar]DOI:
10.1007/s00436-016-5257-1

Ghlissi Z, Sayari N, Kallel R, Bougatef A, Sahnoun Z.2016. Antioxidant, antibacterial, anti-inflammatory
and wound healing effects of Artemisia campestris aqueous extract in rat. Biomedicine &
Pharmacotherapy. 84: 115-122. [PubMed], [Google Scholar]
https://doi.org/10.1016/j.biopha.2016.09.018

3689



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

38. HiremathSK, KolumeDG,Muddapur UM.2011. Antimicrobial activity of Artemisia wvulgaris Linn.
(Damanaka). International Journal of Research in Ayurveda and Pharmacy (IJRAP). 2(6):1674-
1675.[Google Scholar]

39. Huang J, Ma LQ, Yang Y, Wen N, Zhou W, Cai C, Liu QH, Shen J.2017. Chloroform extract of Artemisia
annua L. Relaxes mouse airway smooth muscle. Evidence-Based Complementary and Alternative
Medicine. 2017. [Google Scholar] [Hindavilhttp://ecommons.aku.edu/pakistan_fhs_mc_bbs

40. Irum S, Ahmed H, Mukhtar M, Mushtaq M, Mirza B, Donskow-tysoniewska K, Qayyum M, Simsek S.2015.
Anthelmintic activity of Artemisia vestita Wall ex DC. and Artemisia maritima L. against Haemonchus
contortus from sheep. Veterinary Parasitology. 212(3-4): 451-455. [Google Scholar] [Pub Med]
https://doi.org/10.1016/j.vetpar.2015.06.028

41. Irshaid F, Mansi K, Bani-Khaled A. Aburjia T.2012. Hepatoprotetive, cardioprotective and
nephroprotective actions of essential oil extract of Artemisia sieberi in alloxan induced diabetic
rats. Iranian journal of pharmaceutical research: IJPR, 11(4), p.1227.

[Google Scholar] [PMC]http://pubmed.ncbinlm.nih.gov

42. Jaime ATDS, Da Silva T. 2004. Mining the essential oils of the Anthemideae. African Journal of
Biotechnology. 3(12):706-720. [Google scholar]

43. Javid T, Adnan M, Tarig A, AkhtarB, Ullah R, Abd El Salam, NM. 2015. Antimicrobial activity of three
medicinal plants (Artemisia indica, Medicago falcate and Tecomastans). African Journal of Traditional.
Complementary and Alternative Medicines. 12(3): 91-96. [Google scholar]
http://dx.doi.org/10.4314/ajtcam.v12i3.11

44. Joghee S. 2015. Immunomodulatory Activity of Ethanolic Extract of Artemisia abrotanum. International
journal of pharmacognosy and phytochemical research. 7(03): 390-394. [Google scholar]
http://impactfactor.org

45. Jahni R, Khaledyan D, Jahani A, Jamshidi E, Kamalinejad M, Khoramjouy M, Faizi M.2019. Evaluation and
comparison of the antidepressant like activity of Artemisia drancunculus and Stachys lavandulifolia
ethanolic extracts : an in vivo study. Res Pharm Sci. 14:544-53

[Google Scholar]https://www.rpsjournal.net/text.asp?2019/14/6/544/272563

46. Krebs S, Omer B, Omer TN, Fliser D.2010. Wormwood (Artemisiaabsinthium) for poorly responsive early-
stage IgA nephropathy: a pilot uncontrolled trial. American journal of kidney diseases. 56(6):1095-1099.

[Europe PMC], [Google Scholar] https://doi.org/10.1053/j.ajkd.2010.06.025

47. Khan AU, Gilani AH. 2009. Antispasmodic and bronchodilator activities of Artemisiavulgaris are mediated
through dual blockade of muscarinic receptors and calcium influx. Journal of ethnopharmacology.126(3):
480-486.[Google Scholar] http://ecommons.aku.edu/pakistan_fhs_mc_bbs/33

48. Kazempour S, Shayeghi M, Abai MR, Vatandoost H, Pirmohammadi M. 2020. Chemical Composition and
Larvicidal Activities of Essential Oils of Medicinal Plants, Artemisia sieberi and Tanacetum balsamita
Against Malaria Vector, Anopheles stephensi.

[Europe PMC], [Google Scholar], [Research square] https://www.researchsquare.com

49. Katadj JK, Kopaei MR, Nourani H, Karimi B. 2016. Wound healing effect of Artemisia sieberi extract on
the second degree burn in mice.Journal of HerbMed Pharmacology. 5(2):67-71 [Research Gate], [Google
Scholar] http://www.herbmedpharmacol.com

50. Liu Y. lu H Pang F. 2009. Solubility of artemisinin in seven different pure solvents from (283.15 to 323.15)
K. Journal of Chemical & Engineering Data. 54(3):762-764.[Google Scholar]
https://doi.org/10.1021/je800515w

51. Li T, Chen H, Wei N, Mei X, Zhangs, Liu DL, Gao Y, Bai SF, LiuXG, ZhouYX. 2012. Anti-inflammatory and
immunomodulatory mechanisms of artemisinin on contact hypersensitivity. International
immunopharmacology. 12(1):144-150.

[Google Sholar] https://doi.org/10.1016/j.intimp.2011.11.004

52. Llahi Ikram; Ullah F. Larvicidal activity of different parts of Artemisia vulgaris linn.2013. Against Culex
quinquefasciatus Say. (Diptera: ciulicidae). International journal of innovation and applied studies.
2(2):189-195.

[Google Scholar]

53. Malik S, De Mesquita LSS, Silva CR, De Mesquita JWC, de Sa Rocha E, Bose J, Abiri R, de Maria Silva
Figueiredo P.Costa-Junior LM. 2019. Chemical profile and biological activities of essential oil from

3690



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

Artemisia vulgaris L. cultivated in Brazil. Pharmaceuticals. 12(2): 49. [PubMed] [PMC] {Google Scolar]
www.mdpi.com/journal/pharmaceuticals

54. Meyler’s side effects of drgs. 2016. The international encyclopedia of adverse drug reaction and
interactions. Sixteenth edition, page 729-734 [Science Direct] https://doi.org/10.1016/B978-0444-
53717-1.00335-8

55. Mohammadian A, Moradkhani S, Ataei S, Shayesteh TH, Sedaghat M, Kheiripour N, Ranjbar A. 2016.
Antioxidative and hepatoprotective effects of hydroalcoholic extract of Artemisia absinthium L. in rat. J
HerbMed Pharmacol. 5(1) :29-32. [Research Gate]

56. MravcakovaD, Komaromyova M, BabjakM, UrdaDolinska M, KonigovaA, Petric D, Cobanova K, Slusarczyk
S, Cieslak A, Varady M , Varadyova Z, 2020. Antihelmintic activity of wormwood (Artemisia absinthium
L.) and mallow (Malvasylvestris L.) against Haemonchu scontortus in sheep. Animals. 10(2): 219. [Pub
Med] [Google Schoolar]

57. Mubashir K, Ganai BA, Ghazanfar K, Akbar S, Malik AH, Masood A. 2013. Evaluation of. Artemisia
amygdalina.[Google Scolar] https://doi.org/10.1155/2013/483646

58. Mojarrab M, Shiravand A, Delazar AHeshmati Afshar F. 2014. Evaluation of in vitro antimalarial activity of
different extracts of Artemisia aucheri Boiss. and A. armeniaca Lam. and fractions of the most potent
extracts. The Scientific World Journal. 2014. [PubMed] [Google
Scholar]https://doi.org/10.1155/2014/825370

59. Mojarrab MAHDI, Emami SA, Gheibi S, Taleb AM,Heshmati Afshar F. 2016. Evaluation of anti-malarial
activity of Artemisia turcomanica and A. kopetdaghensis by cell-free B-hematin formation
assay. Research Journal of Pharmacognos., 3(4): 59-65.[Google Scolar]http://rjpharmacognosy.ir

60. Msanda F, Furze JN. 2021. Floristic biodiversity, biogeographical significance, and importance of
Morocco’s Arganeraie Biosphere Reserve. Environmental Science and Pollution Research.1-10.

[Google Scholar] DOI: 10.1358/mf.2008.30.5.1186081]

61. Moran A, Carron R, Martin ML, Roman LS.1989. Antiasthmatic activity of Artemisia caerulescens subsp.
Gallica. Planta Med. 55(4):351-3

62. Munyangi J, Michel Idumbo B,Mupenda PL. 2020. Five case reports on treatment of diabetes by
Artemisia annua and Artemisia afra herbal tea. Pharm Pharmacol Int J. 8(2):79-85.

[Google Scholar] DOI: 10.15406/ppij.2020.08.00283

63. Mahmoudi M, Ebrahimzadeh MA, Ansaroudi F, Nabavi SF, Nabavi SM. 2009. Antidepressant and
antioxidant activities of Artemisia absinthium L. at flowering stage, African journal of Biotechnology.
8(24): 7170-7175.

[Google Sholar] http:www.academicjournal.org/AJB

64. Mya MM, NweOo, Ha T, Win Oo, Htay TM, New CT,Thaung S, Maung YNM.2016. Larvicidal effect of
Artemisiavulgars leaves, flower and leaves essential oils extracts against Aedes aegypti larvae. Journal of
biological engineering research and review.3(2): 25-34 www.biologicalengineering.in/Archive

65. Nti-Gyabaah J. GbewonyoK., Chiew YC. 2010. Solubility of artemisinin in different single and binary
solvent mixtures between (284.15 and 323.15) K and NRTL interaction parameters. Journal of Chemical
& Engineering Data. 55(9): 3356-3363.[GoogleSholar] https://doi.org/10.1021/je100125x

66. Noori A, Amjad L, Yazdani F. 2014. The effects of Artemisia deserti ethanolic extract on pathology and
function of rat kidney. Avicenna journal of phytomedicine, 4(6): 371.

[Google Scholar], [Pub Med]

67. Obistioiu D, Cristina RT, Schmerold [, ChizzolaR, Stolze K, Nichita I,ChiurciuV.2014. Chemical
characterization by GC-MS and in vitro activity against Candida albicans of volatile fractions prepared
from Artemisiadracunculus, Artemisiaabrotanum, Artemisiaabsinthium and Artemisiavulgaris. Chemistry
Central Journal. 8(1): 1-11.http://journal.chemistrycentral.com/content/8/1/6[Google scholar] [Pub
Med] [BMC Chemistry]

68. PoiataA, TuchilusC, Ivanescu , lonescu A, Lazar MI. 2009. Antibacterial activity of some Artemisia species
extract. Revista medico-chirurgicala a Societatii de Medici siNaturalisti din lasi.113(3):911-914.

[GoogleScolar],[Pub Med] https://www.researchgate.net/publication/41653997

69. PandaS, RoutJR, Pati P, Ranjit M, Sahoo SL. 2018. Antimalarial activity of Artemisianilagirica against
Plasmodiumfalciparum. Journal of parasitic diseases. 42(1): 22-27. [Erope
PMC]https://doi.org/10.1007/s12639-017-0956-9

3691



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

70.

71.

72.

73.

74.

75.

76.

Park JY, Lee D, Jang HJ, Jang DS, Kwon HC, Kim KH, Kim SN, Hwang GS, Kang KS, Eom DW. 2015.
Protective effect of Artemisiaasiatica extract and its active compound eupatilin against cisplatin-induced
renal damage. Evidence-Based Complementary and Alternative Medicine. [Europe PMC], [Google
Scholar] https://doi.org/10.1155/2015/483980

Park SH, Sim YB, Han PL, Lee JK, Suh HW. 2010. Antidepressant-like effect of chlorogenic acid isolated
from ArtemisiacapillarisThunb. Animal cells and systems. 14(4): 253-259. [Google Scholar]
https://doi.org/10.1080/19768354.2010.528192

Prashant  BK.Artemisiavulgaris  benefits, remedies, research and side effects. Easy
Ayurveda.https://www.easyayurveda.com

Ruwali P, Ambwani TK, GautamP. 2018. In vitro immunomodulatory potential of ArtemisiaindicaWilld. in
chicken lymphocytes. Veterinary world. 11(1): 80. [Google Scholar] [Pub Med]
D0i:10.14202/vetworld.2018.80-87

Ranjbar R,Yousefi A.2018. Artemisiadracunculus in combination with chitosan nanoparticle biofilm
improves wound healing in MRSA infected excisional wounds: an animal model study. Eurasian Journal
of Biosciences. 12(2): 219-226.[Google Scholar]

Sixt M,Strubel. 2017. Systematic and Model-Assisted Evaluation of Solvent Based-or Pressurized Hot
Water Extraction for the Extraction of Artemisinin from Artemisiaannua L. Processes. 5(4): 86. [Google
Scholar] [Mdpi]https://doi.org/10.3390/pr5040086

Suganthi A, YannLK, Ch'ng Song Jin NK, Sofiman OA Lai-Keng C. 2014. Antimicrobial Activity of
Artemisinin and Precursor Derived frominvitro plantlets ofArtemisiaannual. BioMed Research
International.1-6.

[Google Scholar] http://dx.doi/10.1155/2014/215872

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

SeolA, KimJG, KimMA, Baik BJ, Yang YM,JeongJW. 2009. antimicrobial activity of artemisia species
against clinically isolated Streptococcusmutans.the journal of the korean academy of pedtatric
dentistry. 36(4): 505-513.

Sarnim G, Sanjay ST, RoshanA, Vedamurthy AB, Joy HH. 2013. Artemisia indica extracts as anthelminthic
agent against Pheretimaposthuma (No. RESEARCH). [Google Schlar] https://innovareacademics.in
Santilna KS, Mahesh NM, Suresh). 2014. Anticonvulsant Activity Study of Artemisia nilagirica. [Google
Scholar] https://www.researchgate.net/publication/275649201

Sayyah M, Nadjafnia L,Kamalinejad M. 2004. Anticonvulsant activity and chemical composition of
Artemisiadracunculus L. essential oil. Journal of ethnopharmacology. 94(2-3): 283-287. [Google Scholar],
[PubMed] DOI: 10.1016/].jep.2004.05.021

Saadat S, Shakeri F, Boskabady MH.2018. Comparative Antitussive Effects of Medicinal Plants and Their
Constituents. Alternative Therapies in Health & Medicine. 24(4). [PubMed], [Research Gate], [Google
Scholar] https://www.researchgate.net

WillcoxM. 2009. Artemisia species: from traditional medicines to modern antimalarials—and back
again. The Journal of Alternative and Complementary Medicine. 15(2): 101-109[PubMed][Google
schoolar] http://journal.kapd.org[Google Scholar]

Shafi N, Khan GA,Ghauri E. 2004. AntiulcereffectofArtemisiaabsinthium |. in rats. Biological sciences-
PJSIR. 47(2):130-134.[Google Scholar] [Research Gate]https://www.researchgate.net

Sebai H, Jabri MA, Souli A, Hosni K, Selmi S, Tounsi H, Tebourbi O, Boubaker S, ElI-Benna J,Sakly M. 2014.
Protective effect of Artemisiacampestris extract against aspirin-induced gastric lesions and oxidative
stress in rat. Rsc Advances. 4(91): 49831-49841.[Google Scholar] https://doi-org/10.1039/C4RA08564G
Sajid M, Khan MR, Shah NA, Ullah S, Younis T, Majid M, Ahmad B, Nigussie D. 2016. Proficiencies of
Artemisiascoparia against CCl 4 induced DNA damages and renal toxicity in rat. BMC complementary and
alternative medicine. 16(1): 1-10. [Google Scholar], [PubMed]DOI: 10.1186/s12906-016-1137-6
[BMC],[Google Scholar] DOI: https://dx.doi.org/1013005/bpj/611

Sultan MH, Zuwaiel AA, Moni SS, Alshahrani S, Algahtani SS, Madkhali O,Elmobark ME. 2020. Bioactive
principles and potentiality of hot methanolic extract of the leaves from Artemisiaabsinthium L “in vitro
cytotoxicity against human MCF-7 breast cancer cells, antibacterial study and wound healing
activity”. Current Pharmaceutical Biotechnology.[Europe PMC], [Research Gate], [Google Sholar] DOI:
10.2174/1389201021666200928150519

3692



Nat. Volatiles & Essent. Oils, 2021; 8(5): 3678 - 3693

87.

88.

89.

90.

91.

92.

93.

Tolentino MS.2016. Evaluation of the wound healing activity of the ethyl acetate fraction of Artemisia
vulgaris Linn (Asteraceae).Natural product chemistry and research. 4(5) [Google Scholar]

Yimam M, lJiao P, Moore B, Hong M, ClevelandS, Chu M, Jia Q, LeeYC, Kim HJ, NamJB. Kim MR. 2016.
Hepatoprotective activity of herbal composition SAL, a standardize blend comprised of
Schisandrachinensis,  Artemisia  capillaris, and Aloebarbadensis. Journal of nutrition and
metabolism. https://doi.org/10.1155/2016/3530971[Google Scholar] [Hidawi]

Yin Y, GongFY, Wu XX, Sun Y, Li YH, Chen T, Xu Q. 2008. Anti-inflammatory and immunosuppressive
effect of flavones isolated from Artemisia vestita. Journal of Ethnopharmacology. 120(1):1-6. [Elsevier],
[Google scholar] [Europepmc] DOI: 10.1016/j.jep.2008.07.029

YuYu Tu. Studies on Pharmacological action of Artemisia annua. Expectorant agent. 2017:109-
138https://doi.org/10.1016/B978-0-12-811655-5.00006-4

Yoon MS, Won KJ, Kim DY, Hwang DI, Yoon SW, Kim B, Lee HM. 2014. Skin regeneration effect and
chemical composition of essential oil from Artemisia montana. Natural product communications. 9(11):
1934578X1400901123.[Google Scholar] DOI: https://doi.org/10.1177/1934578X1400901123
ZamanaiTaghizadeh Rabe S, Iranshahi M, Rastin M, Tabasi N,Mahmoudi M. 2015. In vitro
immunomodulatory properties of a sesquiterpene lactone-bearing fraction from Artemisia
khorassanica. Journal of immunotoxicology. 12(3): 223-230.[Tylor and Francis], [Google scholar] DOI:
10.3109/1547691X.2014.930079

Zafar, M.M., Hamdard, M.E. and Hameed, A., 1990. Screening of Artemisia absinthium for antimalarial
effects on Plasmodium berghei in mice: a preliminary report. Journal of ethnopharmacology, 30(2),
pp.223-226. [Europepmc], [Google Scholar]

3693



