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ABSTRACT

Artemisia absinthium L. (worm wood) is an aromafperennial, medicinal and industrially important rbe
belonging to the family Asteraceae (compositaeg plants are distributed throughout the temperdimate of
northern hemisphere of the world including Asiardpae and North America. The aerial parts of thekheontains
bioactive compounds like thujone, thujyl-alcholdiceene, phellandrene, pinene etc. which possessnabear of
biological activities including anti-fungal, antpasmodic, anti-bacterial, anti-cancer, anti-oxidaanti-rheumatic,
anti-helminthic, analgesic, anti-inflammatory, adgpressant, anti-parasitic, anti-septic, anti-méd$ anti-
hepatotoxic, anti-viral, disinfectant and wound leg property. Nowadays, in vitro propagation is essential tool
of plant biotechnology by which endemic, endangeregtlicinally and industrially important plants apeopagated
within short time. Due to the poor seed germinatidnabsinthium may be propagated by tissue cultecanique
(in vitro culture). In the present study, the oalland shoot induction was optimized. For calluhiiction using leaf
explant MS media supplemented with BAP (1.0 mg#), 4-D (0.5 mg/l) was found to be optimal and sboot
induction MS media supplemented with BAP (3.5 mg) 4-D (0.5 mg/l) gave good response. The prestudy
proposes a wide scope for multiple benefits of Bsirdhum in the field of pharmaceuticals and matiyep
industrial and economics ventures. A. absinthiurs inamense potential to act as panacea to seveadtteelated
disorders and so its conservation through tissutuoel before excessive exploitation is crucial.

Keywords: Artemisia absinthiumworm wood, Anti-helminthicln vitro regeneration, Callus induction medium.

INTRODUCTION

Ayurveda is the science of life (Ayur = Life, VedaScience), which was developed in India thousarfigears ago.
The natural herbs have been used from ancient tiarahke treatment of various diseases and diserdr In the
developing countries, people use natural herbsréaiting several diseases because they are safeoandffective
[2, 3]. Interest towards herbal drugs is increasiag by day which shall lead to limited access twern medicines.
It has been reported that more than sixty percétihedo commercialized (approved) drugs are derivedhfplant
sources [4]. Herbal formulations have replacedaitapathic medicines up to a greater extent [2, 3].

Artemisiagenus of the family Asteraceae (compositae) issuwdh genus of herbal medicinal plant which hasibee
traditionally used as a medicine from the past heddears. Even todajrtemisiaspecies are used in medicines
for preparation of modern drug formulations. Besidke medicinal importancértemisia species also contain
essential oils which are used for production obhtidic beverages, cosmetics, insecticides andsafeca additives.
The bioactive compounds like 1,8-cineole, absinthirtemisia ketone, camphene, phellandrene, piréogne,
terpinene and thujone possess strong action td figiseases like hepatitis, cancer, diabetes, asthmalaria,
tuberculosis and fevers [5-10].

A. absinthium a member of the genusrtemisiais an aromatic, endemic medicinal plant of Himalyand is
revered for its numerous bioactive compounds, whielve been traditionally used as medicines for pghst
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hundreds of years to treat several diseases. Mastspare aromatic and bitter in taste due to ttesgnce of
terpenoids and sesquiterpene lactones which praki@lants selective defense against biotic amngtiatstresses.
Artemisia ketone, camphene, cadinene, phellandiginene, terpinene, thujone, thujene, thujyl-alclad 1,8-
cineole are the major essential oils that wereaesed from aerial parts of plant and possess nuumebiological
activities including anti-fungal [12, 12], anti-ggaodic, anti-bacterial, anti-hyperlipidemic [13htiacancer [14],
anti-rheumatic, anti-oxidant, anti-microbial [7,,18, 16], anti-helminthic, analgesic, anti-inflamtory [5], anti-
depressant, anti-parasitic, anti-septic, anti-nilaanti-hepatotoxic [17], anti-viral agents [F]isinfectant, and
acaricidal [18].A. absinthiumalso possess wound healing, [19], anti-snake vef@h anti-leishmanial [21]
activities. Crude plant parts #f absinthiumike leaves and stem are used to treat back peiact and spider bites
[22], jaundice [23], labor pains, parasitic wornfeictions, skin wounds, stomach ailments [22], mes$tpains and
used as a brain tonic [23]. Besides pharmacoldgyAt absinthunis preferred for the manufacturing of alcoholic
beverages, called absinthe, the distilled herbialt $p4].

In a nut-shell, this plant has great relevancehfaman healthcare and so itfs vitro regeneration is important for
maintaining the germplasm as well as to provide oatinuous supply of raw material to the concerned
pharmaceutical industries. Once a robust tissueureulprotocol is established beneficial genes calib be
incorporated by usinggrobacteriummediated transformation technique which will protine plant from diseases
and may also help in enhancement of secondary wléth

Phytography

A. absinthiumgrows in humid soils or near water bodies in roakgas with the sandy clay soil. The herb commonly
grows in natural habitat on uncultivated-ground;ksoslopes, sides of footpaths, foot of hills, digl pavements,
roadsides and waste areas [IId}ese are mainly distributed in temperate climatesorthern hemisphere between
mid to high latitudes. These plants grow in thetN@merica (US and Canada), Europ, Afghanistan r&béndia
(Kashmir), Pakistan, Russia, Iran, china, Kazaksiapan, Mediterranean region and North AfricallB, 25, 26,
27, 28, 29].

A. absinthiunis a perennial, shrubby herb which is silver griecolour with hairy stem and bears yellow flowers
(Figure 1). Stem is erect, grows to a height of0.8 m, branched, leafy and woody at the base Béfioles of
leaves are 6 to 12 cm long with ovate to elliptiafiblade. The leaves are of two kinds i.e. rachca stem leaves
with bi- or tri-pinnatifid margin. Leaves posses®raatic and acrid taste due to the presence okmeids,
glucosides (absinthin), sesquiterpenes (anabs)niunal lactones. Root system is fibrous which alssspss
aromatic bitter taste. The flowering period isvietn June to September [5, 31, 32, 3B chromosome number
of A. absinthiunis 18 and the basic chromosome number is 9. [34].

Figure 1 Artemisia absinthium: A potted plant
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Traditional uses
A. absinthiumi. is commonly known by several names like ‘Abkiotn’, ‘Worm wood’, ‘Green ginger’, ‘Absinthe
worm wood’, ‘Common worm wood’ or ‘Grand wormwood’louisiana Artemisia’, ‘Cudweed’, ‘Western
Mugwort’ and * White Sage’.The dried parts of plame used as insecticide to protect the clothemstgmsect-
damage. The whole herb is used for the preparatiodifferent tonics for the betterment of healthridd leaf
powder is used to cure intestinal and gastric moblSeeds are used in powdered form to treat rigsmand seed
paste is used to treat tooth-ache [26].The leat@s absinthiumare soaked in water for overnight and the water-
extract is consumed to reduce the labor pain. Duthe bitter taste of leaves, women apply it onrthgples to
encourage the weaning of their babies [27]. Theddleaf powder is taken with honey to treat stondisbrders
[35]. The young herbs are used to treat malaridenbaves are applied to wounds and chewed ashgpértensive.
Infusion, a drink made by allowing something (sashtea) to stay in liquid (such as hot water) obletherb is
used to treat gastrointestinal ailments, stomaahablypertension, digestive disorders and stomaatmaoin
children [28, 36].

Table 1: Summarized biological activities of A. absinthium

) . . Study model /

Pharmacological activities Tested organism metr)(odology Ref.(s)
Staphylococcus aureus Rat Model [12]
Bacillus subtilis Candida albicans Escherichia cpliPseudomonasg
aeruginosa S.aureus Salmonella typhimurium Saccharomyces Disk diffusion method (DDM) [16]
cerevisiae and Enterecoccus faecalis
E. coli DDM [7]
B. subtilis B. cereus Haemophilus influenZélebsiella pneumoniaP. DDM [41]

aeruginosa and S. aureus

Aspergillus niger Alcaligenesfaecalis,Acinetobacter Iwoffi B. subtilis
B.cereus C. albicans E.coli S. aureusS. cereviciag Streptococcug
pyogenes S. thermophilus S. hominis Salmonella typmiruim
P.aeruginosa P. pseudoalcaligengsP. fluorescens P. putida K. | DDM [42]
pneumonia K. pneumonia Enterobacter cloaceaeProteus mirabilis
Providenciaal caliaciens Flavobacterium indologenes Penicillium
brevicompactuniTrichothecium roseum and Yersinia enterocolitica

Anti-microbial

Anti-bacterial E. coli and S. aureus Paper DDM [43]
Anti-funaal C. albicans DDM [37]
9 Microsporum canis and C. albicans DDM [43]
. ABTS radical cation
ABTS and ethanol extraction (ABTS+) [16]
Anti-oxidant DPPH, Methanolic solution of DPPH (1 mM, 0.5 mijhe samples. Thg DPPH 7]
spectrophotometer absorbance were measured anb17 n
Methanol extracts oArtemisia absinthium f-carotene bleaching [42]
method
Anti-parasitic Toxocara cati Cats [44]
Hypolipidemic Rabbits, tissue lipids profile andwsa lipid profile Rabbits [13]
Cytotoxicity (cytotoxic Human Iymphpcyte and Hela c_ells MTT assay [45]
action on Human tumor cell Human cell lines (ade_nocarcmorr_la and squamous maifi-<ell lung
line) cancer, colorectal carcinoma, luminal breast adamotoma, melanoma WST-1 assay [34]
and bone marrow stromal)
Egg hatchability test (EHT),
- - - . Larval packet test (LPT)
Acaricidal activity Rhipicephalus sanguineus and Adult immersion test [18]
(AIT)
Anti-viral. (Anti-HIV-1) Blood and a single-cyclellV-1 Stock MTT assay [46]

Phytochemistry

Nowadays, HPLC and HPTLC has become regular analytechniques due to their efficiency in quanitatof
analytes at micro or even nanogram levels and effsttiveness. Phytochemical analysis/Aof absinthiumhas
shown the presence of a range of unique compouritls several medicinal, nutraceutical and pharmacebut
properties as reported in table 1. The compoundgorted are Artemisia ketone, Aromadendrene,
Bicyclogermacrene, Borneol, Camphene, Carvacroty@e, Caryophyllene oxide, Chamazulene,Chrysagthen
acetate, cis-chrysanthenol, cis-epoxyocimene, cis-piperitone epoxide, cis-sabinol, cisverbenol, Cubenol,
Curcumene, Decanoic acid, Dihydro dodecanal, Dibyechamazulene, (E)-anethole, (E)-crysantenyl ase(&)-
linalool oxide, (E)-nerolidol, (E)-nuciferolisobuste, (E)-sabinyl acetate, (E)-sabinene hydratgoe{€adinol,(E)-
3-caryophyllene, (E)-B-ocimene, (E)-3-hexenyl battyy Farnesol, Germacrene B, Germacrene D, Geranial
Geraniol , Geranyl acetate, Geranyl butanoate, iyéliaobutanoate, Geranyl isovalerate, Geranyateriate,
Geranyl propionate, Geranyl valeriate, Geranyl, éhylbutanoate, Iso-3-thujanol, Lavandulyl acetate,
Lavandulylisobutanoate, Lavandulyl 2-methylbutyratedol, Limonene, Linalyl acetate, Linalool, Lioal acetate,
Myrcene, Myrtenal, Myrtenoln-heneicosanen-heptadecanen-nonadecane, Nerol, Neral, Neryl acetate, Neryl
butanoate, Neryl isobutanoate, Neryl isovalerateeryN 2-methylbutanoate, Neryl-3-methylbutanoate,ryNe
propionate, Neryl valeriatep-cymene, Perillaldehyde, Piperitenone oxide , d3tg, Pulegone, Sabinene,
Santolina alcohol, Spathylendtans-caryophyllenetrans-Epoxyocimenefrans-pinocarveal trans-Sabinol,trans
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Verbenol, Terpinen-4-ol,Terpinolene, Terpinyl pramate, Thymol, Tricyclenetrans-Muurolol , Valerenic acid,
Verbenone, Viridiflorol, (2)-anethole, (&)-cadinol, (2)-crysantenyl acetate, (Z)-linalool dej (2)-
nuciferolisobutyrate, (Z2)-3-Ocimene, (Z)-sabinyletate, a-copaenea-bisabolol, a-dehydro-ar-himachalene-
humulene, a-ionone, a-muurolene, a-phellandrene,a- pinene, a-santano,a-terpinene, o-terpineol, a-terpinyl
acetatep-thujene,a-thujone,- bourbonenef-citronellol, B-elemene $-ionone,B-pinene,-selinend3-thujone, y-
muurolene, y-cadinene ,y-dehydro-Ar-himachaleney-isogeraniol, y-terpinene, §-cadinene, 1,8-cineole, 3,6-
dihydrochamazulene, 9-geranyl-p-cymene and , ¢)-&6-dimethylocta-5,7-diene-2,3-diol [5, 7, 18,282, 34,
37, 38, 39, 40].

EXPERIMENTAL SECTION

Plant M aterial

A. absinthiumplants were collected from district Pulwama, (Jamamd Kashmir) and were identified by Dr.
Arbeen Ahmad Bhat, Assistant Professor (Taxonoingyely Professional University Punjab. Leaves wesed as
explants foiin vitro shoot induction via intermediary callus phase.

Media for explants regeneration

In the tissue culture oA. absinthium Murashige and Skoog medium (1962) [47},vamins [48] supplemented
with different growth regulators were used. The roaatrients solutions were prepared in 10X conegdiain. The
micronutrients, iron-EDTA and B5 vitamins were 10@X¥ncentrated and prepared in double distilled watwl
stored at 4°C. Different media used in the presarmdy are shown in table 2.

Table 2: Different media used in the study

Media Composition
Callus induction media CIM-A MS + Maltose (3.0 %Agar (0.8 %) + BAP (0.5 mg/l) + IAA (0.5 mg/l)
Callus induction media CIM-B MS + Maltose (3.0 %opgar (0.8 %) BAP (1.0 mg/l) + 2, 4-D (0.5 mg/l)
Shoot induction media SIM-Al MS + Maltose (3.0 %aj\gar (0.8 %) + BAP (3.5 mg/l) + 2, 4-D (0.5 mg/l)
Shoot induction media SIM-B MS + Maltose (3.0 %gar (0.8 %) + BAP (1.5 mg/l) + IAA (0.5 mg/l)

Surface sterilization of |eaf explant

The leaf explants were initially washed with taptevefor 8-10 min. Thereafter, the explants wereheasby 5 %
Tween-20 and rinsed 4-5 times with double distillgdter. Then, explants were disinfected by 0.1 %cové

chloride for 4-5 min followed by 4-5 rinses withestized distilled water. The explants were thexated with 75%
(v/v) ethanol for 1.5 min followed by 5 rinses iteslized distilled water. Then these explants weeated with
0.5% sodium hypochlorite forrgin followed by 5 rinses with sterilized distillehter.

Inoculation of leaf discson callusinduction media

The leaf explant which was surface sterilized wdnied on sterile blotting sheets with the help tefitized forceps
under the laminar air-flow and placed on semi-soltlus induction media, CIM- A [MS + Maltose (34) + Agar
(0.8 %) + BAP (0.5 mg/l) + IAA (0.5 mg/l)] and CHB [MS + Maltose (3.0 %) + Agar (0.8 %) BAP (1.0 Mg
2, 4-D (0.5 mg/l)], respectively for callus indwmi and incubated at 26 2 °C in a culture room with 16 h
photoperiod of light intensity 50mol m % s 'photon flux density (PFD) and 60 % relative hunyid{RH).

Shoot induction from leaf derived callus

The callus derived from leaf explants were tramsfiéto shoot induction media, SIM-A [(MS + Malto&=0 %) +
Agar (0.8 %) + BAP (3.5 mg/l) + 2, 4-D (0.5 mg/8hd SIM-B [(MS + Maltose (3.0%) + Agar 0.8 % + BARPS
mg/l) + IAA (0.5 mg/l)], respectively.

RESULTSAND DISCUSSION

Callusinduction

The initiation of callus was observed after 15 diay€IM-A and 10 days in CIM-B. The responding rgentage of
callus initiation is show in table 3. Of the two daiee used for callus induction, CIM- A [MS + Maltoge %) + Agar
(0.8%) + BAP (0.5 mg/l) + IAA (0.5 mg/l) and CIM-PBAS + Maltose (3.0%) + Agar (0.8%) BAP (1.0 mg/IR+4-
D (0.5 mg/l)], the CIM-B media was found to be o as represented by a high percentage respofréigpgency
of 90%. The callus induction response using blo¢ghnbedia is shown in Figure 2.
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Table 3: Percentageresponseof A. absinthium leaf explant for callusinduction

Media BAP IAA 2,4-D No. of explants No. of responding Responding
(mg/l)  (mg/l) (mg/l) inoculated explants explants (%)

CIM-A 0.5 0.5 - 20 9 45

CIM-B 1.0 - 0.5 20 18 90

Figure 2 Callusinduction on A. absinthium from leaf explant. [a, b] L eaf explant placed on CIM (A) [c, d] Few calli formed. [e, f] Leaf
explant placed on CIM (B) [g, h] Vigorous callus growth
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Shoot induction

For the shoot induction individual callus was inla¢ed on the shoot induction media SIM-A and SIM-Bhe SIM-
A contains MS media with 0.8 % agar supplement Bi&P (3.5 mg/l) and 2, 4-D (0.5 mg/l) and SIM-B tains
MS media with 0.8% agar supplement with BAP (1.5lyrand IAA (0.5 mg/l). The percentage responssiajot
buds is shown in table 4. The shoots that wereldped on shoot induction media A (SIM-A) were tri@nsed to
shoot elongation media (SEM) containing MS salisspbA3 (1.0 mg/l) followed by rooting on root indion
media (RIM) containing MS salts plus IBA (0.5 mg/l)

Table 4: Shoot induction from callus

Medium AP IAA 2,4-D etlglla?lfts regpodnoc:ing R(ee)s(gg;](:lsng
(mg/)  (mg/) ~ (mg/l) inoculated  explants (%)

SIM-A 35 - 0.5 10 8 80

SIM-B 1.5 0.5 - 10 6 60

Figure 3 Shoots developed on shoot induction media A (SIM-A)

Nowadays,in vitro propagation has become an essential tool of Biatdogy by which endemic, endangered,
medicinally and industrial plants are propagatethiwi a short period of time. In vitro regeneratiplays an
important role in large scale multiplication of tpkants, production of disease-free plants, inaductf somaclonal
variation etc. Transgenic technology can also bedufor improving the secondary metabolite contept b
incorporating beneficial genes into the plant gead#49].The current feature of plant biotechnologypioduction of

a large number of secondary plant products by usétigsuspension culture, genetic engineering dieoto produce
GM crops and production of pharmaceutically impotrtmolecules from plants, such as vaccines andaeaigs
(molecular farming) [50, 51].

Thein vitro regeneration of any plant species depends upoogti®um conditions of culture room, explants used,
media composition, pH of the media, PGR'’s type emacentration. Proper sterilization of explantansimportant
parameter to avoid contaminatidfant cells possess totipotency which helps themstain their meristematic state
and can develop undifferentiated mass of cells kn@s callus from which whole plant can be generated
(redifferentiation) [52, 53]. Totipotency of ceNmries from tissue to tissue in plants, which cdagdpromoted by
using plant growth regulators so as to generate ptmts either through direct organogenesis or siema
embryogenesis [52].

In the present study we have used two differentisnedmbinations@IM-A andCIM- B), out of whichCIM-B
media [MS + Maltose (3.0%) + Agar (0.8%) + BAP (in@/l) + IAA (0.5 mg/l)] was found to be most optifor
callus induction. Th& M-A media [MS + Maltose (3 %) + Agar (0.8 %) + BAPY3ng/l) + 2, 4-D (0.5 mg/l)] was
found to be suitable for shoot induction from leafplant derived callus. Meticulous pharmacologieald
phytochemical and tissue culture studies (espgcrlispension culture studies) @n absinthiumcould yield
reliable compounds of pharmacological relevancéo@idter healthcare.

Abbreviations

BAP: benzyladenineCIM: Callus induction mediumDDM: Disk diffusion methadGA3: Gibberellic acid; h:
Hour; HPLC: High Performance Liquid ChromatographlPTLC: High performance thin layer chromatography
IAA: Indole-3-acetic acigdIBA: Indole butyric acigd mg: Milligrams min: Minutes PFD: Photon flux densityRH:
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Relative humidityRIM: Root induction medjaSEM: Shoot elongation medi&IM: Shoot induction medidAA:
indole-3-acetic acidMS: Murashige and Skopg, 4-D: 2,4-dichlorophenoxyacetic acid.
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