Current Trends in Biotechnology and Pharmacy, Vol. 2 (2) 341-348 (2008)
ISSN 0973-8916

Enhanced artemisinin production by cell cultures
of Artemisia annua
Ashish Baldi* 1 and V.K. Dixit 2
2

1
Department of Biochemical Engineering and Biotechnology,
Indian Institute of Technology Delhi, Hauz Khas, New Delhi 110016, India
Department of Pharmaceutical Sciences, Dr. H.S. Gour University, Sagar (M.P.) 470003, India

* For correspondence - baldiashish@gmail.com

Abstract
Artemisinin, an endoperoxide containing
sesquiterpene lactone from Artemisia annua, has
proven very effective in treating drug resistant
cases of malaria and cancer. To counter the
present low content in leaves and uneconomical
chemical synthesis, alternate ways to produce
artemisinin have been sought. Inspite of
extensive work in this area, artemisinin remains
elusive in dedifferentiated and differentiated
cultures of A. annua. This work reports the first
successful approach for production of artemisinin
by cell cultures of A. annua cultures of Indian
variety of A. annua. Various precursors of
terpenoid biosynthesis by isoprenoid pathway
were incorporated to study their influence on
artemisinin biosynthesis. Artemisinin content
was maximally increased by 2.0 times, in
comparison to control, when mevalonic acid (50
mg/L) was added as precursor. Various biotic and
abiotic elicitors were also tested at different
concentration. A maximum increase of 3.47 times
in artemisinin accumulation was attained when
methyl jasmonate (5 mg/L) was added. Based
on these results, an integrated bioprocess for
productivity enhancement of artemisinin was
developed. A maximum artemisinin
accumulation of 96.8 mg/L artemisinin was
produced on supplementation of mevalonic acid
and methyl jasmonate as selected precursor and
elicitor respectively, which was 4.79 times higher
in productivity than control callus cultures (20.2
mg/L).
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Introduction
Malaria is a serious endemic disease in
many parts of the world, affecting 5% of the
World’s population. About 40% of the world’s
population is at stake of malaria. In spite of
availability of extensive chemotherapeutic
armamentarium to combat this disease,
widespread emergence of resistant strains of the
parasite to drugs used is a global concern (1). A
Chinese medicinal herb, Artemisia annua L., has
evoked wide interest for its artemisinin (AN)
content, a serquiterpene lactone, which is
effective against both chloroquine-resistant and
sensitive strains of P. falciparum as well as
cerebral malaria with high safety profile. It is
also reported as chemotherapeutic agent against
various types of cancers such as leukemia and
colon cancer etc. Significant biological activity
and novel chemical structure have prompted
efforts in developing a series of derivatives which
are more potent than the parent compound, such
as artesunate, artemether, arteether (2) and
sodium salt of artelinic acid (3). Highest AN
content has been reported in leaves (0.01-0.5%)
in Chinese varieties of plant (4). It was later
introduced in India, cultivated and naturalized
in Kashmir and Lucknow (5) but showed low
AN content. Uneconomical synthesis of AN (6)
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and low yield from natural source (7) had
triggered search for alternative means to produce
AN in cell cultures. Results from experiments
with undifferentiated and differentiated cultures
of A. annua till now are rather disappointing with
respect to the AN production, as only traces of
this compound have been found (8-12) Till the
date, highest AN content of 0.42% DW in hairy
roots was reported by Weathers et al. (13). Few
researchers reported a very low level (14,15) or
absence of AN in hairy root cultures (16).
Feeding of precursors and elicitation has
proved to be an effective way to enhance
secondary metabolites in plant cell cultures. A
number of precursors such as sodium acetate (1719), mevalonic acid lactone, casein acid
hydrolysate (20) and elicitors like jasmonates
(21), salicylates (22), chitosan and gibberlic acid
(20) have been investigated to enhance yield of
plant based secondary metabolites. Effect of
single precursor/elicitor on a particular cell line
was investigated in most of these studies. But
considering the complexicity of AN biosynthesis,
it is reasonable to examine the combined effect
of these yield enhancement strategies. For this
reason, the present study was undertaken on cell
suspension cultures of A. annua. The aim of this
work was to develop a high yielding starter
culture for AN production in cell cultures. This
appears to be the very first successful study on
production of AN in cell cultures developed from
Indian variety of A. annua.
Material and Methods
Germination of seeds
Seeds of Indian variety of Artemisia annua
were sterilized by treating first with 90% alcohol
for 3 s, and followed by 0.1% (w/v) mercuric
chloride treatment for 5 m. Seeds were then
rinsed thoroughly 3 times in sterile distilled water
and 10 seeds per Petri plate were allowed to
germinate on padding of sterile filter paper and
absorbent cotton, moistened with 15 ml of liquid

Murashige and Skoog’s (MS) medium (23)
supplemented with 3% (w/v) sucrose. Seeds were
then incubated at 25±2° under 2200 lux intensity
of light and 16/8 h light/dark photoperiod in a
growth chamber. Germination started within 23 d.
Callus cultures
High yielding callus culture of A. annua
was developed from aseptically germinated
seedlings and maintained on MS medium
supplemented with NAA and Kn (0.5 mg/L of
each) as growth regulators.
Establishment of growth and production
kinetics
Growth and production kinetics of A. annua
cell culture were established. Callus cultures
were allowed to grow on MS media with 0.5 mg/
L each of NAA and Kn, and solidified with 1%
agar. Experiments were carried out in 250 mL
Erlenemeyer flasks containing 50 mL of MS
solid medium with 2.0 g/L inoculum on a dry
weight basis. Cultures were incubated at 25±2°C
under 16/8h light/dark cycle. All cultures were
analyzed, in triplicate, for biomass and AN
content at an interval of 5 d.
Enhancement of artemisinin production
Precursor addition
To improve AN production in callus
cultures, some known precursors of AN
biosynthesis [sodium acetate (SA), mevalonic
acid (MA), casein acid hydrolysate (CAH)] and
cholesterol (CH) were added. Stocks of sodium
acetate and casein acid hydrolysate were
prepared in sterile double distilled water and the
pH was adjusted to 5.7. Cholesterol and
mevalonic acid were dissolved in acetone and
95% ethanol respectively. Filter sterilized
precursors were added to the culture medium on
10 th d at following concentrations: sodium
acetate, 20, 50 and 100 mg/L; mevalonic acid,
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20, 50 and 100 mg/L; cholesterol, 20, 50
and 100 mg/L; casein acid hydrolysate, 0.1, 0.5
and 1.0 g/L. Cultures were harvested on 25th d,
in duplicate, and analyzed for biomass and AN
content. In control cultures, equal volume of
solvent for precursor was added aseptically to
culture medium.
Elicitor treatment
Some known abiotic elicitors for plant
based secondary metabolites such as signaling
molecules [(methyl jasmonate (MJ), acetyl
salicylic acid (ASA)], metal ion [calcium as
calcium chloride (CC)] and blooming agent
[gibberlic acid (GA)] were also tested for their
effect on AN content. Stock solutions of acetyl
salicylic acid, and calcium chloride were
prepared by dissolving them in sterile double
distilled water and adjusting the pH to 5.7.
Methyl jasmonate was dissolved in 95% ethanol.
Abiotic elicitors were aseptically added to
cultivation medium at the following
concentrations: methyl jasmonate: 1,2,5 and 10
mg/L; acetyl salicylic acid: 10, 20, 30, and 50
mg/L; calcium chloride: 50,100 and 150 mg/L;
and gibberlic acid: 5, 10 and 20 mg/L.
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Integrated bioprocess for productivity
enhancement
Results from both yield enhancement
strategies viz. addition of precursor and elicitation
were integrated in order to develop a bioprocess
for synergistic enhancement of artemisinin
productivity in callus cultures of A. annua.
Cultures were cultivated on solid MS medium
with NAA and Kn (0.5 mg/L of each) at 27±2°C
with a photoperiod of 16/8h light/dark cycle).
Selected precursor (mevalonic acid @ 50 mg/L)
and elicitor (methyl jasmonate @ 5 mg/L) were
added on 10 th and 20 th day of cultivation
respectively. Cultures were harvested in triplicate
on 25th day and analyzed for biomass and AN
production.
Analysis

For dry cell weight estimation, cells were
harvested and allowed to dry at 60±2°C until
constant weight was achieved. Sodium derivative
of AN was analyzed by HPLC with some
modification in the method of Zhao and Zheng
(24). For analysis of AN, 100 mg of dried and
powdered cells were allowed to macerate with
2.0 mL diethyl ether for 48 h. The filtrate was
Biotic elicitors [yeast extract (YE), chitosan then dried under vacuum and the residue was
(Ch)] were tested at 10, 20, and 50 mg/L dissolved in 1.0 mL of methanol. This was then
concentrations by addition of 50 µL, 100 µL treated with 4.0 ml NaOH (0.2% w/v) and
and 250 µL of respective stock solutions of yeast incubated at 50±2°C for one h with occasional
extract and chitosan individually.. Yeast extract shaking to get a sodium derivative of AN.
was added as aqueous stock (10 mg/ml) having Results and Discussion
pH 5.7. For preparation of chitosan, 1 g of crab
Cell cultures of A. annua of Indian variety
shell chitosan was dissolved in 2 ml of glacial
acetic acid (by dropwise addition) at 60°C for a with significant AN accumulation were
period of 15 minutes.; the final volume was made established for very first time. Complete growth
up to 100 ml with water and pH of the solution and production profiles of A. annua cells were
was adjusted to 5.7 with 1 M NaOH to get a stock established and given as Fig. 1. Relatively longer
log phase of 10 day was observed in batch
solution of 10 mg/ml.
kinetics. Maximum biomass (16.8 g/L) and
Following the elicitor treatment on 20th day, artemisinin (20.2 mg/L) were obtained on 25th
cultures were harvested on 25th day, in triplicate, day of cultivation. Artemisinin was produced in
and analyzed for biomass and AN content.
callus cultures.
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Figure 1 Growth and artemisinin production profile
of A. annua cells (Average values are given, error
bars are represented as vertical lines)

intracellularly and most production
occurred during the active growth phase of A.
annua cells.
Few known precursors for terpenoid
biosynthesis were added to the media on 10th d
of cultivation. Their effect on AN production is
given in Fig. 2. Sodium acetate, mevalonic acid
and higher concentration of casein acid
hydrolysate had positive effect on AN production
Figure 2 Effect of precursor addition on artemisinin
production by A. annua callus cultures (Average
values are given, error bars are represented as vertical lines)

A maximum of 32.2 mg/L artemisinin was
produced on addition of 50 mg/L sodium acetate.
It is known to be a potential precursor for various
secondary metabolites. It has been found to
increase secondary metabolites like azadirachtin
(25); astaxanthin (26); taxol (17,18,27); crocin
(19) and phenylethnoid glycosides (28). The
increased production of AN is assumed to be
attributed to the increased Acetyl-Co A level as
a result of sodium acetate feeding, which may
lead to the improved secondary metabolite
production by enhanced life activities (29).
Mevalonic acid is an intermediate in the
biosynthesis of isoprene units. AN content was
increased maximally by 2.0 times (40.4 mg/L),
in comparison to control, when mevalonic acid
(50 mg/L) was added. However, this is not in
agreement with earlier findings (8). This
enhancement might be due to direct supply of
mevalonic acid to synthesize AN at enhanced
level.
Casein acid hydrolysate serves as an
additional source of amino acids and
oligopeptides. With 0.5 g/L, a slight enhancement
of the AN content was found, but it remains
almost constant after this. Indirect precursor,
cholesterol, had a negative effect on biomass as
well as AN production. This might be due to
diversion of metabolic pathway to other
compounds.
Various biotic (chitosan and yeast extract)
and abiotic elicitors (gibberlic acid, calcium
chloride, acetyl salicylic acid and methyl
jasmonate) were also tested at different
concentration to enhance AN yield. Effect of
these elicitors on AN accumulation is given in
Fig. 3. Acetyl salicylic acid, methyl jasmonate,
and gibberlic acid had resulted in significant
improvement of AN production.
Gibberlic acid is a plant growth regulator,
capable of inducing blooming (30). AN content
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Figure 3 Effect of elicitor addition on artemisinin
production by A. annua callus cultures (Average values are given, error bars are represented as vertical
lines)

in intact plant are maximum just before or at the
time of flowering (31), so this compound was
added to callus cultures. Earlier, addition of
gibberlic acid has been reported not to affect the
AN content of A. annua shoot cultures (8) but a
positive effect was also observed (20).
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indole alkaloids in C. roseus (39), phytoalexin
biosynthesis in rice (40), indole glucosinolates
biosynthesis in Arabidopsis (41), and hthujaplicin in Mexican cypress cell culture (42)
support the idea that JA signaling is a mediator
of secondary product accumulation. Chemical
structure of jasmonic acid related molecule also
known to play an important role in elicitation
and is very specific in nature (43).
Addition of yeast extract also slightly
enhanced AN levels. The possible reason could
be attributed to presence of some cations like ZN
and Co (44), which could act as abiotic elicitors.
Although addition of calcium ions did not
improve AN content in callus cultures. A
reduction in the AN content was observed by
addition of chitosan. This might be due to change
in cell membrane permeability as evident from
browning of cells.

Based on these results, an integrated
Acetyl salicylic acid also significantly
bioprocess for synergistic enhancement of
improved AN production as a maximum increase
artemisinin was developed and experimentally
of 2.81 times (56.8 mg/L) was attained when
implemented. A maximum of 96.8 mg/L
acetyl salicylic acid (30 mg/L) was added. This
artemisinin was produced on supplementation of
could be attributed to the fact that salicylic acid
mevalonic acid lactone (50 mg/L on 10th day)
and related compounds act as signaling
and methyl jasmonate (5 mg/L on 20th day) as
molecules and play essential role in many plant
selected precursor and elicitor respectively,
defence reactions (32). It is known to regulate
which was 4.79 times higher in productivity than
the expression of various defense related genes
control cultures. A comparative effect of yield
(33,34) and has an important role in System
enhancement strategies tried out in present study
Acquired Resistance (SAR) and inhibitor of
is given in Table-1.
ethylene biosynthesis (35). AN being the defense
chemical of plants could be regulated with the
Table 1:Comparison of yield enhancement strategies
presence of these signal molecules.
Addition of methyl jasmonate resulted in
an increased AN production of 70.2 mg/L at 5.0
mg/L concentration. Exogenous application of
JA signaling compounds, including jasmonic
acid, methyl jasmonate, as well as their
conjugated compounds to the plant cell culture
or intact plant stimulates biosynthesis of
secondary metabolites (36-38). Elicitor-induced

Yield enhancement
strategy

Artemisinin
production (mg/L)

High yielding cell
line selection

20.2

Precursor addition

40.4

Elicitation

70.2

Integrated bioprocess

96.8
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Conclusion
This study represents the first successful
cell culture based approach for the production
of artemisinin from Indian variety of seeds of A.
annua. Artemisinin content was found to be
superior to that reported earlier (11,15). The
problem of low content in plant cell cultures was
addressed through addition of precursor and
elicitation, which resulted in significant
improvement in artemisinin production.
Integrated yield enhancement strategy
comprising of addition of mevalonic acid as
precursor and methyl jasmonate as elicitor at
optimum concentrations resulted in synergistic
enhancement of artemisinin accumulation. The
present study indicates the potential of these
biotechnology-based methodologies for mass
production of artemisinin. Further work related
to large scale production of artemisinin at
bioreactor level under different configurations
and various modes of cultivation are under
progress.
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