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The potential mutagenic effect of sodium azide (NaNs) was studied on seeds and callus of Artemisia
annua for enhancement of artimisinin. The treated and untreated seeds were germinated with half MS
liguid medium and the leaves (two-weeks-old) were employed to raise callus on full strength of medium
containing a-naphthalene acetic acid (NAA) and kinetin (each 0.5 mg/L). The mutant calluses were
obtained from normal callus and foliage leaves of germinated treated seeds with 1 - 5 mM, NaNs.
Artimisinin content was estimated in all mutant calluses with High-performance liquid chromatography
(HPLC), and all showed increased level of this compound as compared to those normal calluses. The
mutant calluses obtained from foliage leaves of germinated seeds had low content of this compound as
compared to those calluses which developed from normal callus with NaN; treatment. In all mutant
calluses obtained from normal calluses and foliage leaves of treated seeds, the maximum artimisinin
was found in T3 and T8, and occurred at 3 mM, NaN; as compared to normal ones. Thus, sodium azide
is a potent mutagen for enhancement of artemisinin and can be used as an alternative for its in vitro

production.
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INTRODUCTION

Artemisia annua (L.) is an aromatic and medicinal herb,
native to Asia, most probably China and has become
naturalized in many countries such as Argentina,
Bulgaria, France, Hungary, Romania, Italy, Spain, the
United States, and the former Yugoslavia. The most
active compound of A. annua is ‘artemisinin’ a
sesquiterpene lactone which is used against malaria.
Generally, artemisinin and its analogs are relatively safe
drugs with no obvious adverse reactions or noticeable
side effects (Benakis et al., 1997). At present, these com-
pounds provide the effective remedy for the treatment of
schistosomiasis (Xiao, 2005; Mishina et al., 2007),
cryptosporidiosis, amoebiasis, giardiasis, clonorchiasis,
leishmaniasis (Ma et al., 2004), malaria (Haynes et al.,
2006; Li et al.,, 2006; Mutabingwa, 2005) and cancer
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(Efferth, 2006). Moreover, artemisinin has been recently
indicated as a potential and effective compound against a
number of viruses including hepatitis B, C and others
(Efferth et al., 2008). Nevertheless, on a global scale,
these compounds remain generally unavailable and
large-scale isolations of artemisinin from the plant are
possible only in a few countries (Chang et al., 2000). The
content of artemisinin depends on the level of gene
expression such as squalene synthase (SQS), a key
enzyme in sterol pathway and has been played a pivotal
role in a RNAI (RNA interference) technique (Zhang et
al., 2009).

Recently, cytochrome P450 and its associated reduc-
tase have been shown to catalyze multiple steps in the
biochemical pathway leading to the production of arte-
misinin with the highest values reaching 31.4 mg/g DW,
which is about 3.14-fold the content observed in un-
transformed control plants (Arsenault et al., 2008). The
content of this compound varies in different parts of the
plant and has been detected from aerial parts including



leaves, inflorescences, seeds and stem (Ferreira et al.,
1995). However, it was not detected from pollens and
roots. Its content in inflorescence and the bud stage was
not higher than in leaves, but in flowers at full bloom, it
was 4 to 11 fold higher than in leaves (Ferreira et al.,
1995). For organic chemists, it was a challenge to deve-
lop a total chemical synthesis pathway for artemisinin due
to the complex structure and having 64 theoretical
possible stereo-isomers. The low yield and high cost of
chemical synthesis suggest its isolation from the plant is
the optimum system.

The undifferentiated callus and cell suspension cultures
of A. annua gave disappointing results with respect to the
artemisinin production (Martinez and Staba, 1988) and
further their differentiation into shoots, or preferably
shoots with roots, is necessary for its significant bio-
synthesis. However, its content was also improved in the
culture fluid from liquid suspension cultures of the callus
cells (Nair et al., 1986). Artemisinin content in regene-
rated plants from stem explants using 0.1 mg/l TDZ
(Thidiazuron) was 3.36 + 0.36 pg/mg DW and two-fold
higher than that of in vitro grown plants of the same age
(Lualon et al., 2008). However, its production by mean of
cell, tissue or organ cultures is very low and there are few
reports on artimisinin biosynthesis using mutational
approach, mainly chemical mutagens. Induced mutations
have great potentials and serve as a complimentary
approach in genetic improvement of crops for greater
yield and quality traits (Mehandjiev et al., 2001;
Ahloowalia and Maluszynski, 2001). In vitro plantlet
variants of A. annua were produced with physical muta-
gen (gamma rays) and evaluated for their artemisinin
content and enzymatic activity of amorpha-4, 11-diene
synthase (Koobkokkruad et al., 2008). Sodium azide has
been investigated for enhancement of yield and quality
traits of crops including, medicinal plants such as Arachis
hypogaea (Menash and Obadoni, 2007), Vigna radiata
(Samiullah et al., 2004), Spathoglottis plicata Blume (Roy
and Biswas, 2005), Halianthus annuus (Skoric et al.,
2008; Venegas-Caleron et al., 2008), Oryza sativa (Jeng
et al., 2003, 2006; Suzuki et al., 2008), Hordeum vulgare
(Oliver et al., 2009 and Phaseolus vulgaris (Jeng et al.,
2010). Its mutagenic effect is mediated through the
production of an organic metabolite of azide compound
(Owais and Kleinhofs, 1988) which enters into the
nucleus and interacts with DNA. Therefore, on the light of
limited literature on chemical mutagens on A. annua, we
employed NaN; for enhancement of artimisinin level in
the callus cells.

MATERIALS AND METHODS
Seed treatment with NaN3 and tissue culture

The seeds of A. annua were borrowed from Centre for Transgenic
Plant Development, Jamia Hamdard, New Delhi, India. They were
sterilized in 0.1% HgCl, solution for 10 min and thereafter washed
with autoclaved distilled water three times to remove excess HgCl,
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and dried at room temperature. The seeds were treated with
various concentrations of NaN; solution (diluted in 0.5 M sodium
phosphate buffer: pH 3.2) ranged from 1 - 5 mM for 1 h incubation
period on rotator shaker at 25 RPM. The treated seeds were
washed three times to remove excess NaNs with autoclaved
distilled water. Subsequently, treated and untreated seeds were
germinated on sterilized soil wetted with 1/2 MS liquid basal
medium (Murashige and Skoog, 1962) (pH 5.7) in the Petri dish.
The foliage leaves of two-weeks-old seedlings were used as
explants and sterilized in 0.1% HgCl, for 10 min and subsequently
washed with autoclaved distilled water three times under laminar
flow. Subsequently, leaves were transferred to MS medium supple-
mented with a-naphthalene acetic acid (NAA) and kinetin (each 0.5
mg/L) and kept at 26 + 1°C in tissue culture chamber with 16 h
photoperiod, and 45 pmol/m?s photosynthetic photon flux density
for 30 days. The mutant calluses (T6, T7, T8, T9 and T10) obtained
from foliage leaves of germinated treated seeds along with normal
callus (Tc) were sub-cultured after three weeks time-interval to
obtain large biomass for high content of artimisinin.

Callus treatment with NaN3

The seven weeks old callus was treated with various concentrations
of NaN3 (1 - 5 mM) diluted in sodium phosphate buffer (0.5 M, pH
3.2). The incubation period for callus was 1 h for all treatments and
thereafter washed three times with 1/2 liquid MS medium to remove
excess NaNs;. Subsequently, the treated calluses were cultured on
fresh callusing medium as used for normal callus development.
After two weeks, the callus was sub-cultured on another fresh
medium for proper growth development. The mutant calluses (T1,
T2, T3, T4 and T5) were harvested after seven-weeks of culture
from various treatments. The fresh and dry weight of mutant
calluses were recorded and dried callus was employed for
artimisinin extraction.

Artimisinin  extraction and quantification with  high
performance liquid chromatography (HPLC)

The dried calluses (1 g) was taken in 10 ml of petroleum ether and
kept on shaking water bath at 40°C for 12 h. Extraction was
repeated thrice and solvent from each extraction was pooled.
Eventually, petroleum ether fractions of each mutant callus were
concentrated under reduced pressure and residues defatted with
CHsCN (10 ml x 3). The precipitated fat was filtered out and filtrate
was concentrated under reduced pressure. Residues were
dissolved in 1 ml of methanol and 100 pl of aliquot of each sample
was taken and 4 ml of 0.3% NaOH was added to this extract. The
samples were incubated in a water bath at 50°C for 30 min, and
thereafter cooled and neutralized with glacial acetic acid (0.1 M in
20% methanol) and pH of the solution was maintained 6.8. The
derivatized artemisinin was analyzed and quantified through
reverse phase column (C18, 5 um, 4.6*250 mm) (Waters, USA)
using premix methanol: 100 mM K-phosphate buffer (pH, 6.5) in the
ratio of 60: 40 as mobile phase at constant flow rate of 1 ml/min,
with the detector set at 260 nm. Standard curve was prepared using
reference compound of artemisinin (1 mg/ml) and quantified its
content in all mutant calluses with HPLC system (Waters, USA).

RESULTS AND DISCUSSION

The content of artimisinin in A. annua has been increased

with application of traditional and biotechnological tools
(Chang et al., 2000; Covello et al., 2007; Wang and
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Table 1. Artimisinin content in calluses of A. annua produced from the treatment of sodium
azide (NaN3). The mutant calluses T1, T2, T3, T4 and T5 were produced from normal callus
with the NaNj treatment and T6, T7, T8, T9 and T10 were produced from foliage leaves of
germinated treated seeds. Tc is the normal callus and produced from foliage leaves of

untreated seeds.

Callus Artemisinin content (ug/g dw) Callus Artemisinin content (ug/g dw)
Tc 520 Tc 520
Tl 593 T6 545
T2 619 T7 570
T3 681 T8 630
T4 645 T9 595
T5 614 T10 580

Weathers, 2007; Baldi and Dixit, 2008; Lualon et al.,
2008; Zhang et al., 2009). Mutational breeding has
important role for improvement of yield and quality traits
of the crops including medicinal plants (Khan et al.,
2010), for instances gamma irradiation has been used for
the enhancement of artimisinin in A. annua
(Koobkokkruad et al., 2008). Our study showed that
percent seed germination of A. annua was decreased as
the concentration of NaN; increased (data not shown).
Similar, decrease in seed germination, radicle and
coleoptile lengths of Eruca sativa was reported as the
concentration of this compound increased (Khan and Al-
Qurainy, 2009). One hour incubation period was sufficient
for better mutant production from callus cells whereas it
was insufficient for seed treatment. Therefore, seed
treatment needed more incubation period as compared to
the callus cells. The growth and biomass of mutants
produced from both approaches had wide variations and
it may be due to the cell's physiological activities. The
fresh and dry weight of mutant calluses were better in T1,
T2, T3, T4 and T5 as compared to T6, T7, T8, T9 and
T10 (Figures 1 and 2). However, the callus survival (T1-
T5) was decreased initially as the concentration of NaNs
increased but four weeks after treatment, the survived
calluses grown better. The fresh and dry weight of mutant
calluses (T6-T10) showed different mutagenic effects as
compared to those mutant ones which obtained from
normal callus treatment (Figures 3 and 4). Thus, it is
clear that the mutagenic effect in both approaches
depends on the state of the cells, NaN; concentration,
dilution solution, incubation period and pH of the
phosphate buffer solution.

The mutant calluses developed from both approaches
at various treatments of NaN3; on MS medium (Murashige
and Skoog, 1962) containing NAA and kinetin hormones
(0.5 mg/L each) showed enhanced biosynthesis of
artimisinin as compared to normal callus. The mutant
calluses (T1, T2, T3, T4 and T5) obtained on treatment
with NaNs at 1, 2, 3, 4 and 5 mM from normal calluses,
had higher artimisinin content than the Tc and it was
estimated with standard curve of this compound with
HPLC system. The peak of reference compound
‘artimisinin’ compound is shown in Figure 5. The content

of this compound was also increased in T6, T7, T8, T9
and T10 but had lower as compared to those mutant
calluses which obtained from normal ones with NaN;
treatment. The biosynthesis of artimisinin was dose
dependent up to 3 mM of NaN3; and at higher mutagenic
concentrations, the content of this compound was found
non-significant. Such unpredictable results may be due to
random mutations at various loci in the genome.
Artimisinin content in mutant calluses T1, T2, T3, T4 and
T5 (Figures 7, 8, 9, 10 and 11) obtained with NaN; at 1,
2, 3, 4 and 5 mM was 593, 619, 681, 645 and 614 ug/g
DW as compared to normal callus which had 520 ug/g
DW (Figure 6 and Table 1). Like wisely, the biosynthesis
of artimisinin was increased in those calluses which
obtained from foliage leaves of germinated seedlings of
treated seeds with NaN3. The content of this compound in
these calluses (T6, T7, T8, T9 and T10) was 545, 570,
630, 595 and 580 pg/g DW (Figures 12, 13, 14, 15 and
16) which obtained at 1 - 5 mM, NaN3 as compared to
normal ones which had 520 ug/g DW (Figure 6 and Table
1). In both approaches of the mutant production that is
callus and seed treatment, the maximum artimisinin was
found in mutant calluses (T3 and T8) which obtained with
3 mM, NaNs. The physical mutagen gamma rays and its
dose LD50 enhanced artimisinin content from 0.03 -
0.70% (w/w) of dry weight, comparing with only 0.18%,
present in the original non-irradiated samples
(Koobkokkruad et al., 2008). The content of artimisinin
varies in various parts of Chinese varieties of A. annua
and highest content has been reported in the leaves
(0.01 - 0.5%) (Nair et al., 1986; Singh et al., 1988; Avery
et al., 1992). The variation in the biosynthesis of this
compound among various parts of the plant has been
investigated at nutritional content level and potential anti-
oxidant activity (Brisibe et al., 2009). NaN; has mutagenic
effect on yield and quality traits of crops and its
mutagenicity is still unknown in the literature (Khan et al.,
2010) and it is assumed that the mutagenicity of this
mutagen is mediated through the production of an organic
metabolite of azide compound (Owais and Kleinhofs,
1988). It is known that NaNj3 is highly mutagenic in plants
and animals (Grant and Salamone, 1994). However, the
mutant callus production from direct treatment of callus
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Figure 1. Fresh Data are mean * SD for three replicates and statistical significance was determined by ANOVA (Dunnett’s
multiple comparison test). (a) p > 0.05 (Non-significant), (c) p< 0.01, when compared with control weight of callus after 7-
weeks of culture which obtained from normal callus with NaN3 treatment.
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Figure 2. Data are mean + SD for three replicates and statistical significance was determined by ANOVA (Dunnett's multiple
comparison test). (a) p > 0.05 (Non-significant), (b) p<0.05, when compared with control dry weight of callus after 7-weeks of culture
which obtained from normal callus with NaN3 treatment.
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Figure 3. Fresh weight of callus obtained from foliage leaves of germinated treated seeds with NaN; after 7-weeks of culture.
Note: Data are mean + SD for three replicates and statistical significance was determined by ANOVA (Dunnett's multiple
comparison test). (a) p > 0.05 (Non-significant), (b) p<0.05, when compared with control, (c) p< 0.01, when compared with

control.
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Figure 4. Dry weight of callus obtained from foliage leaves of germinated treated seeds with NaN3 after 7-weeks of culture. Note:
Data are mean * SD for three replicates and statistical significance was determined by ANOVA (Dunnett's multiple comparison
test). (a) p > 0.05 (Non-significant), (b) p<0.05, when compared with control, (c) p< 0.01, when compared with control.
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Figure 6. Artimisinin content in normal callus (Tc) estimated with HPLC system.
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Figure 7. Artimisinin content in mutant Callus (T1) after 7-weeks of culture which obtained from normal callus treatment with NaNz at 1 mM
concentration.
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Figure 8. Artimisinin content in mutant Callus (T2) after 7-weeks of culture which obtained from normal callus treatment with NaNz at 2 mM
concentration.
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Figure 9. Artimisinin content in mutant Callus (T3) after 7-weeks of culture which obtained from normal callus treatment with NaN3z at 3 mM
concentration.
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Figure 10. Artimisinin content in mutant Callus (T4) after 7-weeks of culture which obtained from normal callus treatment with NaNz at 4 mM
concentration.
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Figure 11. Artimisinin content in mutant Callus (T5) after 7-weeks of culture which obtained from normal callus treatment with NaNz at 5 mM
concentration.
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Figure 12. Artimisinin content in mutant Callus (T6) after 7-weeks of culture which obtained from foliage leaves of germinated treated seeds
with NaNz at 1 mM concentration.
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Figure 13. Artimisinin content in mutant Callus (T7) after 7-weeks of culture which obtained from foliage leaves of germinated treated seeds
with NaN3z at 2 mM concentrations.
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Figure 14. Artimisinin content in mutant Callus (T8) after 7-weeks of culture which obtained from foliage leaves of germinated treated
seeds with NaN3 at 3 mM concentrations.
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Figure 15. Artimisinin content in mutant Callus (T9) after 7-weeks of culture which obtained from foliage leaves of germinated treated seeds
with NaN3z at 4 mM concentrations.
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Figure 16. Artimisinin content in mutant Callus (T10) after 7-weeks of culture which obtained from foliage leaves of germinated treated seeds
with NaN3z at 5 mM concentrations.



with NaNj; is the better approach as compared to seed
treatment. The cells in callus stage are extremely sensi-
tive and acquire mutagenic agent as azidoalanine in the
cell where it creates mutations. This chemical mutagen is
metabolized by plant cells to a extremely mutagenic
agent presumably azidoalanine and it is chemically iden-
tified as an amino acid analogue, L-azidoalanine (N3 -CH;
- CH(NH), - COOH) and its production was found to be
dependent on the enzyme O-acetlserine sulfhydrylase
(La Velli and Mangold, 1987). Thus, it is concluded that,
the mutagenicity of NaN; depends on many physical and
physiological parameters. Since, callus and dried seed
varies to each other in these parameters; therefore,
mutagenicity produced by this compound would be
varying.

ACKNOWLEDGEMENTS

The authors are thankful of the Centre for Excellence in
Biotechnology Research for providing fund to carry out
this project (project no- CBER OF1430/06). The work
was carried out at Department of Botany and
Microbiology, College of Science, King Saud University,
Kingdom of Saudi Arabia.

REFERENCES

Ahloowalia BS, Maluszynski M (2001). Induced Mutation. A new
paradigm in plant breeding. Euphytica, 118(2): 167-173.

Arsenault PR, Wobbe KK, Weathers PJ (2008). Recent advances in
artemisinin production through heterologous expression. Curr. Med.
Chem., 15(27): 2886-2896.

Avery MA, Chong WKM, Jennings-White C (1992). Stereo selective
total synthesis of (+)-artemisinin, the anti-malarial constituent of
Artemisia annua L. J. Am. Chem. Soc., 114: 974-979.

Baldi A, Dixit VK (2008). Enhanced artemisinin production by cell
cultures of Artemisia annua. Curr. Trends Biotech Pharm., 2(2): 341-
348.

Benakis A, Paris M, Loutan L, Plessas CT, Plassas ST (1997).
Pharmacokinetics of artemisinin and artesunate after oral
administration in healthy volunteers. Am J Trop Med Hyg., 56: 17-23.

Brisibe EA, Umoren UE, Brisibe F, Magalhaes PM, Ferreira JFS, Luthria
D, Wuh X, Prior RL (2009). Nutritional characterization and anti-
oxidant capacity of different tissues of Artemisia annua L. Food
Chem., 115: 1240-1246.

Chang YJ, Song SH, Park SH, Kim SU (2000). Amorpha-4,11-diene
Synthase of Artemisia annua: cDNA isolation and bacterial
expression of a terpene synthase involved in artemisinin
biosynthesis. Archives Biochem. Biophys., 383: 178-184.

Covello PS, Teoh KH, Polichuk DR, Reed DW, Goska N (2007).
Functional genomics and the biosynthesis of artemisinin. Phytochem.
68: 1864-1867.

Efferth T (2006). Molecular pharmacology and pharmacogenomics of
artemisinin and its derivatives in cancer cells. Curr. Drug. Targets, 7:
407-442.

Efferth T, Romero M R, Wolf DG, Stamminger T, Marin JJG, Marschall
M (2008). The anti-viral activities of artemisinin and artesunate. Clin
Infect Dis., 47: 804-811.

Ferreira JFS, Simon JE, Janick J (1995). Developmental studies of
Artemisia annua L.: flowering and artemisinin production under
greenhouse and field conditions. Planta Med., 61: 167-170.

Grant WF, Salamone MF (1994). Comparative mutagenicity of
chemicals selected for test in the international program on chemical
safety collaborative study on plant systems for the detection

Al-Qurainy and Khan 1725

of environmental mutagens. Mutat. Res., 310: 187-209.

Haynes RK, Fugmann B, Stette J, Rieckmann K, Heilmann HD, Chan
HW, Cheung MK, Lam WL, Wong HN, Croft SL, Vivas L, Rattray L,
Stewart L, Peters W, Robinson BL, Edstein MD, Kotecka B, Kyle DE,
Beckermann B, Gerisch M, Radtke M, Schmuck G, Steinke W,
Wollborn U, Schmeer K, Romer A (2006). Artemisone-a highly active
anti-malarial drug of the artemisinin class. Angew. Chem. Int. Ed.
Eng., 45: 2082-2088.

Jeng TL, Shih YJ, Lai CC, Wu MT, Sung JM (2010). Ant-oxidative
characterization of NaN; induced common bean mutants. Food
Chem., 119: 1006-1011.

Jeng TL, Tseng TH, Wang CS, Chen CL, Sung JM (2003). Starch
biosynthesizing enzymes in developing grains of rice cultivar Tainung
67 and its sodium azide-induced rice mutant. Field Crops Res., 84:
261-269.

Jeng TL, Tseng TH, Wang CS, Chen CL, Sung JM (2006). Yield and
grain uniformity in contrasting rice genotypes suitable for different
growth environments. Field Crop Res., 99: 59-66.

Khan S, Al-Qurainy F, Anwar F (2009). Sodium Azide: a chemical
mutagen for enhancement of agronomic traits of crop plants. Environ.
We Int. J. Sci. Tech., 4: 1-21.

Khan S, Al-Qurainy F (2009). Mutagenic effect of sodium azide on seed
germination of Eruca sativa (L.) Aust. J. Basic Appl. Sci., 3(4): 3081-
3087.

Koobkokkruad T, Chochai A, Kirdmanee C, De-Eknamkul W (2008).
Effects of low-dose gamma irradiation on artemisinin content and
amorpha-4,11-diene synthase activity in Artemisia annua L. Int J
Radiat Biol., 84(11): 878-884.

La Velli JM, Mongold J (1987). Structure activity relationship of the
azide metabolite, azidoalnine, in Salmonella typhimurium. Mutat
Res., 177: 27-33.

Li Y, Huang H, Wu YL (2006). Qinghaosu artemisinin — a fantastic anti-
malarial drug from a traditional Chinese medicine. In: Liang XT, Fang
WS (Eds.), Medicinal Chemistry of Bioactive Natural Products. John
Wiley & Sons, Inc., pp. 183-256.

Lualon W, De-Eknamkul W, Tanaka H, Shoyama Y, Putalun W (2008).
Artemisinin production by shoot regeneration of Artemisia annua L.
using thidiazuron. Z Naturforsch [C]. 63(1-2): 96-100.

Ma Y, Lu D, Lu X, Liao L, Hu X (2004). Activity of dihydro-artemisinin
against Leishmania donovani both in vitro and vivo. CMJ. 117: 1271-
1273.

Martinez BC, Staba EJ (1988). The production of artemisinin in
Artemisia annua L. tissue cultures. Adv. Cell Cult., 6: 69-87.

Mishina YV, Krishna S, Haynes RK, Meade JC (2007). Artemisinins
inhibit Trypanosoma cruzi and Trypanosoma brucei rhodesiense in
vitro Growth. Anti-microb. Agents Chemother., 51: 1852-1854.

Murashige T, Skoog FA (1962). A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol. Plant., 15: 473-479.

Mutabingwa TK (2005). Artemisinin-based combination therapies
(ACTs): best hope for malaria treatment but inaccessible to the
needy. Acta Trop., 95: 305-315.

Nair MSR, Acton N, Klayman DL, Kendrick K, Basile DV, Mante S
(1986). Production of artemisinin in tissue cultures of Artemisia
annua. J Nat Prod., 49: 504-507.

Oliver RE, Yang C, Hu G, Raboy V, Zhang M (2009). Identification of
PCR-based DNA markers flanking three low phytic acid mutant loci in
barley. J. Plant Breed. Crop Sci., 4: 087-093.

Owais WM, Kleinhofs A (1988). Metabolic activation of the mutagen
azide in biological systems. Mutat Res., 197: 313-323.

Roy S, Biswas AK (2005). Isolation of a white flowered mutant through
seed culture in Spathoglottis plicata Blume. Cytologia, 70(1): 1-6.

Samiullah K, Wani MR, Parveen K (2004). Induced genetic variability for
guantitative traits in Vigna radiate (L) wilczek. Pak. J Bot. 36: 845-
850.

Singh A, Vishwakarma RA, Husain A (1988). Evaluation of Artemisia
annua strains for higher artemisinin production. Planta Med., 54: 475-

476.

Skoric D, Jocic S, Sakac Z, Lecic N (2008). Genetic possibilities for
altering sunflower oil quality to obtain novel oils. Canadian J. Physiol.
Pharmacol., 86(4): 215-221.

Suzuki Y, Sano Y, Tse K, Matsukura U, Aoki N, Sato H (2008). A rice
mutant with enhanced amylase content in endosperm without


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wobbe%20KK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Weathers%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Koobkokkruad%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chochai%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kirdmanee%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22De-Eknamkul%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Int%20J%20Radiat%20Biol.');
javascript:AL_get(this,%20'jour',%20'Int%20J%20Radiat%20Biol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lualon%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22De-Eknamkul%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tanaka%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shoyama%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Putalun%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Z%20Naturforsch%20[C].');

1726 J. Med. Plant. Res.

affecting amylopectin structure. Breeding Sci., 58: 209-215.

Venegas-Caleron M, Martinez-Force, Garces R (2008). Lipid
characterization of a wrinkled sunflower mutant. Phytochemistry, 69:
684-691.

Wang Y, Weathers PJ (2007). Sugars proportionately affect artemisinin
production. Plant Cell Rep., 26(7): 1073-1081

Xiao SH (2005). Development of anti-schistosomal drugs in China with
particular consideration to praziquantel and the artemisinins. Acta
Trop., 96: 153-167.

Zhang L, Jing F, Li F, Li M, Wang Y, Wang G, Sun X, Tang K (2009).
Development of transgenic Artemisia annua (Chinese wormwood)
plants with an enhanced content of artemisinin, an effective anti-
malarial drug, by hairpin-RNA-mediated gene silencing. Biotechnol.
Appl. Biochem., 52: 199-207.



