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Abstract

Artemisinin, an endoperoxide sesquiterpene lactone has proven effective in treating drug resis-
tant cases of malaria and cancer. Artemisia annua [sweet wormwood] is the sole source for arte-
misinin production in many countries. To counter the low content in leaves and costly chemical
synthesis process in India, alternative ways to produce artemisinin have been sought. In current
study, we collected A. pallens, A. japonica and A. nilagirica from Western Ghats of Maharashtra, In-
dia and analyzed artemisinin content. Samples were extracted from leaves and florets in various
extraction conditions and analyzed using different chromatographic techniques. Thin layer chro-
matography (TLC) and high performance thin layer chromatography (HPTLC) analysis showed the
presence of compound with endoperoxide linkage in A. nilagirica. High performance liquid chro-
matography (HPLC) analysis showed the detection of artemisinin in methylene dichloride florets
extract of A. japonica, but the concentration was too low [1.3 mg/g dry wt.] for further analyses.
Gas chromatography/mass spectrometry (GC/MS) analysis identified structurally important com-
ponents in the A. nilagirica ethyl acetate extract which explores the biosynthetic pathway of arte-
misinin from its most important precursor amorpha-4,11-diene. This is the first report of chro-
matographic screening of these Indian varieties of Artemisia spp. for artemisinin content.
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1. Introduction

Artemisia annua (family Asteraceae) commonly called Quinghao, sweet wormwood, is an annual herb native to
China [1]. The plant has been introduced in India for experimental cultivation [2]. Diethyl ether extract of A.
annua has excellent effect against malaria and artemisinin is identified as a main active ingredient [3]. Artemisi-
nin is an endoperoxide sesquiterpene lactone effective against several strains of Plasmodium, malarial parasite.
Accumulation of artemisinin is mainly reported in leaves, green stems (trace amounts), florets and seeds [4]-[7].

Several studies in tissue culture have shown potential and convenience of using roots transformed by Agro-
bacterium rhizogenes for the biosynthesis of secondary metabolites in numerous species [8]. Genetically trans-
formed roots of A. annua showed potentially higher production rates of artemisinin products in just a few days,
providing at the same time cleaner extraction sources for these biochemical compounds [9]-[11].

A. annua plant still remains sole source for artemisinin and relatively low yield in available germplasms be-
came serious limitation in large-scale production of artemisinin [12] [13]. Several countries reported variation in
artemisinin content in strains of A. annua, 0.03% - 0.22% in European origin [14], 0.05% - 0.21% in USA [15].
Since its chemical synthesis is difficult and economically unviable [16], plant source has been considered an at-
tractive alternative for the production of this metabolite. Considering the current scenario of artemisinin produc-
tion from A. annua in India, the need to screen different Indian Artemisia species has gained importance. In
present study, an attempt has been made for the “Screening of Artemisia species from Western Ghats of Maha-
rashtra for anti-malarial compound—Artemisinin”.

2. Result & Discussion
2.1. TLC Analysis

Two different extract were prepared to assess the artemisinin detection. In the Hexane extract of plants, no spots
were found to be related to standard spot (R; 0.63) of artemisinin. However, TLC analysis of dichloromethane
leaves extract of A. pallens and A. japonica showed R; of 0.80 and 0.78 respectively with a very faint pink spot
and leaves extract of A. nilagirica showed intense pink spot with R value of 0.38 (Table 1 and Figure 1). Since,
pink colour denotes the presence of peroxide linkage in the structure, a compound related to artemisinin was
present in the samples (higher in A. nilagirica).

Figure 1. Pink band showing the presence of compound with peroxide linkage

in A. nilagirica.
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Table 1. TLC analysis. The R value of leaves and florets of A. pallens, A. nilagirica and A. japonica (Rs for standard is 0.63).

Kolhapur Panchgani Lonavala
Sample
A. pallens A. nilagirica A. japonica A. nilagirica A. nilagirica
Leaves 0.80 0.41 0.78 0.38 0.39
Florets 0.78 0.53 0.80 0.47 0.50

2.2. HPTLC Analysis

For HPTLC analysis, Toluene extract was prepared for the solvent extraction. The R¢ value of standard obtained
was 0.60 units. The intensity of fluorescent pink band in spiked samples was found to be more intense in com-
parison to normal plant extracts (Figure 2). The spiked samples of A. pallens, A. nilagirica showed same R¢
value (Figure 3 and Figure 4) whereas leaves extract of A. pallens and A. nilagirica showed difference in Ry
values in the range of £2 with that of standard. Hence, amount of artemisinin in the samples was very low to be
detected and further more sensitive technique has to be applied.

2.3. Determination of Artemisinin by HPLC

Artemisinin detection in collected Artemisia species was found to be difficult and results are shown in Table 2.
The leaves and florets extract of A. japonica (Panchagani) showed same elution time (18.3) with that of standard
(Table 2 and Table 3) and content of artemisinin was found to be 0.4 and 1.3 mg/g dry wt. respectively (Table
3). Since artemisinin and dihydroartemisinin are thermally labile and lack UV or fluorescent chromophores [17]
[18], as well as functional groups for derivatization, development of sensitive and specific analytical methods
for determination of these compounds is a challenging problem. Hence, presence of artemisinin cannot be con-
firmed for all samples except A. japonica. Therefore, further standardization and optimization of protocol for the
detection of artemisinin using HPLC in these species is required. Analysis of underivatized Artemisinin at RT of
5.05 by HPLC-UV in A. annua was reported by Ferreira J and Gonzalez JM in 2009 [19].

2.4. Finger Printing by GC-MS Analysis

GC-MS analysis of methanol extract and ethyl acetate extract revealed the presence of structures mainly com-
ponents of essential oil in Artemisia species. Table 4 and Table 5 postulate the found structures in standard ar-
temisinin sample and ethyl extract of A. nilagirica respectively, after comparing the library of known structures.
Figure 5 represents the structures including cis-lanceol, eudesmol, y-muurolene, Germacrene D identified in
ethyl acetate of A. nilagirica with retention time 12.6, 13.15, 11.42 and 11.42 respectively. More interestingly,
these structures were found to be closely related to the structure of amorpha-4,11-diene (Figure 6). Amor-
pha-4,11-diene with a amorphane skeleton is a direct precursor of Artemisinin formed from Farnesyl diphos-
phate (FPP) by amorpha-4,11-diene synthase (ADS) [20]. Amorpha-4,11-diene is a major product formed by the
action of ADS, but other minor products such as, sesquiterpene alcohol, sesquiphellandrene, y-muurolene are
formed probably due to quenching of carbon in amorphanecation by water or elimination of hydrogen from bi-
sabolylcation [21]. These minor products were present in leaves of A. nilagirica (Table 4). As an sesquiterpene
synthase, ADS shares a metal ion (Mn+ or Mg+) to stabilize the negatively charged pyrophosphate group of
Farnesyl diphosphate [22] and highly conserved sequence [I, L, V] DDxxD [E] serves to bind metal ions in all
terpene synthases [23]-[26]. y-muurolene has an muurolan skeleton with cis-fused decalin ring and differ in its
relative stereochemistry at C7-position as compared to amorphane skeleton of amorpha-4,11-diene [21]. On the
basis of GC-MS data we tried to establish possible metabolic pathways for y-muurolene in A. nilagirica instead
of amorpha-4,11-diene.

2.4.1. Formation of y-Muurolene from FPP by ADS

The pathway reported for amorpha-4,11-diene by Geoffery (2010) and Edward et al. (2000) was reinvestigated
[20] [21]. Mechanistic formation of y-muurolene from Farnesyl diphosphate (FPP) catalyzed by ADS is post-
ulated (Figure 7). The first step is ionization of FPP where paired diphosphate anion is transferred to C3 giving
nerolidyldiphosphate, this intermediate generates a cisoid form by rotation around C2-C3 bond. The cisoid form
allows bond formation between C1 and C6 which results in the first ring closure and a bisabolylcation. The
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Figure 2. TLC plate showing fluorescent bands visualized in the Camag Scanner 4. Lanes: 1 and
6—Standard, 2—A. pallens leaves, 3—A. pallens leaves spike, 4—A. nilagirica (Kolhapur)
leaves, 5—A. nilagirica (Kolhapur) leaves spike.
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Figure 3. HPTLC graph for standard—artemisinin.

Table 2. HPLC analysis. Retention time of A. pallens, A. nilagirica, A. japonica (RT for standard is 18.7).

Kolhapur Panchgani Lonavala
Sample
A. pallens A. nilagirica A. japonica A. nilagirica A. nilagirica
Leaves 19.0 18.7 184 18.0 18.7
Florets 19.1 18.7 18.3 18.9 18.7
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Figure 4. HPTLC graph for spiked sample of A. pallens—Ileaves.
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Figure 5. Important bicyclic sesquiterpenes in Artemisia nilagirica. (1) Naphthalene,1,2,3,4,4a,5,6,8a-octahydro-
7-methyl-4-methylene-1-(1-methylethyl), (1.a.,4a.8.,8a.a)-, y-muurolene; (2) 2-Naphthalenemethanol, 1,2,3,4,4a,
5,6,8a-octahydro-.a.,.a.,4a,8-tetramethyl-,(2.0., 4a.0.,8a.a)- , eudesmol; (3) cis-Lanceol.
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Figure 6. Structure and [IUPAC name of amorpha-4,11-diene.

Table 3. Concentration of artemisinin in A. japonica.

A. Japonica (Panchagani) Retention Time Area Concentration (mg/g)
Leaves 18.4 660720 1.3
Florets 18.3 192926 0.4205
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Table 4. GC-MS analysis of standard artemisisnin.
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formed cation (C-7 bisabolyl) is deprotonated to an unknown intermediate which further results into C-1 bisabo-
lylcation after a 1,3-hydride shift. This cation with positive charge at C1 promotes a nucleophillic attack by the
double bond C10-C11, thus second ring closes to form a C-11 amorphanecation. Finally, deprotonation on C12
or C13 gives y-muurolene.

2.4.2. Formation of y-Muurolene from FPP by Germacrene D Synthase and y-Humulene Synthase
The work on Germacrene D and y-Muurolene by Setzer (2008) and Yoshihara et al. (1969) is reinvestigated [27]
[28]. Formation of y-muurolene from FPP by possible two different enzymes, Germacrene D synthase and
y-humulene synthase is illustrated (Figure 8). Initially, Germacrene D synthase ionizes the diphosphate anion
and invert the stereochemical situation of carbon atom under attack. This situation brings C1 in close proximity
to C6 that result into bond formation between these two carbon atoms forcing first ring closure to give Germa-
crene D. This Germacrene sesquiterpene accepts a proton to undergo a series of hydride shifts forming Muuro-
lenylcation. The formed cation is deprotonated to give y-Muurolene.

Besides, highly conserved DDxxD sequence found in all terpene synthases, additional DDxxD motif in y-
humulene synthase (residues 487 - 491) employs multiple product formation resulting from diphosphate binding
at these conserved sites [29] [30]. Firstly, y-humulene synthase with an exceptional divalent cation ionizes di-
phosphate anion and forms Nerolidylcation with positively charged C1 atom. The formed cation allows nucleo-
phillic attack on C1 by C10-C11 double bond causing first ring closure to form Germacrylcation. The positively
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Table 5. GC-MS analysis of A. nilagirica (Kolhapur)—Ileaves, ethyl acetate extract.
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diene catalysed by amorpha 4,11-diene.
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Figure 8. Proposed pathway for the formation of y-muurolene from germacrene D catalyzed by germacrene synthase
and from farnesyl diphosphate by humelene synthase.

charged C11 in Germacrylcation forces a 1,3-hydride shift to give another Germacrylcation leaving a positive
charge at C1 atom. Through a nucleophillic attack on C1 atom by C5-C6 double bond promotes second ring
closure to form Muurolenylcation. Further, formed cation forces a proton at C7 position out of the structure to
give y-muurolene.

3. Conclusion

This study reported screening of new plant sources of artemisinin from different regions of India. The content of
artemisinin in A. japonica was significantly lower when compared to A. annua. Further, elicitors can be used to
increase the concentration of artemisinin in tissue cultures of A. japonica. Structures present in ethyl acetate ex-
tract of A. nilagirica explore the biosynthetic mechanism involved in artemisinin formation from its precursor
amorpha, 4,11-diene. The pathway can be further analyzed to identify any possible intermediate or derivative of
artemisinin in A. nilagirica.

4. Experimental
4.1. Plant Material

The species were collected from different regions in Western Ghats of Maharashtra. A. pallens was collected
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from Shikharshinganapur, Satara and Jyotiba hill, Kolhapur. A. nilagirica was collected from Panhala fort (Kol-
hapur), Panchgani (Mahabaleshwar) and Pawana hill (Lonavala). Furthermore, Artemisia japonica was collected
from Panchgani (Mahabaleshwar). The species were authenticated by taxonomist at Department of Botany,
Shivaji University, Kolhapur. The samples were air dried at room temperature in well ventilated room.

4.2. Standard Preparation

Artemisinin (98% pure) was obtained from Sigma-Aldrich and dissolved in acetonitrile at 1 mg/ml concentra-
tion.

4.3. TLC Analysis

4.3.1. Extract Preparation

Plant material (1 gm) of respective species was weighed and crushed to fine powdered using liquid nitrogen.
Two different extracts were prepared in 20 ml of hexane and dichloromethane separately. The mixture of pow-
dered plant material and respective solvents was incubated for 6 - 7 h in shaker at 150 RPM at room temperature.
After incubation, 2 ml of filtrate was lyophilized in water bath at 80°C - 90°C. Acetonitrile was added and ul-
tra-sonicated for 2 - 3 seconds (80 watt, 220 V AC). Finally, filtrate was centrifuged at 10,000 rpm and superna-
tant was used as test solution.

4.3.2. Chromatography

The samples were applied to the TLC Si 60 Fy, , 10 x 10 cm (Merck) plate as a 5 mm spot or 10 mm band, 1
cm apart at 1 cm height from the lower edge of the plate. After complete air drying, plate was placed in a TLC
chamber saturated with mobile phase as Hexane:Diethylether [1:1], and allowed to run till the front of mobile
phase reached to the upper edge of the plate. After running plate was air dried and dipped into anisaldehyde de-
veloping agent for 10 - 15 seconds (anisaldehyde developing agent was prepared by slowly adding 9 ml of 98%
sulphuric acid to an ice cooled mixture of 85 ml of methanol and 10 ml of glacial acetic acid). Plate was air
dried and incubated at 100°C for 5 - 7 min for spot development and examined visually.

4.4. HPTLC Analysis

4.4.1. Extract Preparation
Dried plant material (200 mg) was mixed with 10 ml of toluene and sonicated for 10 min. Mixture was centri-
fuged at 10,000 rpm, and supernatant was used as test solution for screening.

4.4.2. Chromatography

The samples (20 pl) were applied by automated injection system on HPTLC Si 60 Fys,, 10 x 10 cm (Merck)
plate and air dried. Plate was placed in a chromatographic chamber saturated with Cyclohexane, Ethyl acetate,
Acetic acid [20:10:1] and allowed to run till the front of mobile phase reaches at 3/4™ height of the TLC plate.
After air drying, plate was developed using anisaldehyde reagent by immersing for 10 - 15 s. Then plate was air
dried and heated to 100°C for 5 - 7 min and examined under Camag Scanner 4.

4.5. Quantification of Artemisinin by HPLC

Different HPLC systems were used to analyze artemisinin in different plant extracts. Waters HPLC (model
2487), using a hypersil C18 reversed phase column 15 cm with 5 i particle size and Agilent 1200 series, using
zorbax SB-C18, 250 mm x 4.6 mm, 5 pm, prepacked column. A constant rate of 1 ml/min was used with two
mobile phases: [A] acetonitrile: water [50:50] and solvent [B] acetonitrile. The elution was performed employ-
ing a program from [A]-100% [t = 0 min], 2% [t = 30 - 40 min], to [B]-0% in a period of 60 minute and detected
at 211 nm [UV-VIS]. The retention time of sample peak obtained was compared with that of standard.

4.6. Finger Printing by GC-MS

4.6.1. Standard Preparation
Prepared standard (1 mg/ml) was completely evaporated and dissolved in 1 ml of methanol.
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4.6.2. Extract Preparation

Air dried leaves (1 gm) were powdered using liquid nitrogen. Two extracts were prepared in 20 ml of methanol
and ethyl acetate and incubated overnight at room temperature. This mixture was centrifuged at 5000 rpm for 10
min and supernatant was collected. The supernatant was treated with activated charcoal and centrifuged at
12,000 rpm for 10 min. The supernatant obtained was filtered through 0.22  filter and used for analysis.

4.6.3. Method

Analysis was performed on Agilent 5973 Mass Selective Detector coupled to anagilent 6890 N Gas Chromato-
graph using G1701 MSD Chemstation software and equipped with a 30 M x 0.25 mm DB-5MS column with
0.25 um film thickness. The chromatograph conditions were a split injection [20:1] onto the column using a he-
lium flow of 0.4 ml/min and temperature programmed with either initial temperature of 70°C for 1 min or tem-
perature ramped at 10°C/min to 300°C and held for 10 min. The mass selective detector was run under standard
El+ conditions scanning on effective mass ranging from 40 to 1000 at 2.26 scan/second.
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