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| Abstract: A significant sesquiterpene lactone used as a drug is artemisinin. It is definitely an anti-parasitic drug isolated from field-grown Artemisia annua L. a
plant from Asteraceae family. It is the best treatment for Plasmodium falciparum malaria. Unfortunately, artemisinin content in 4. annua is extremely low (0.01-
0.8% dry weight). So, some researchers focused on enhancing artemisinin content either in tissue/cell culture or the whole plant of 4. annua sp. The aims of the
current study were the effect of plant growth regulators on callus production and improvement of artemisinin content in cell suspension culture of 4. annua, an
alternative to the whole plant using abiotic elicitors. For callus induction, an experiment was laid out as a factorial experiment with three factors (explant type,
different concentrations of BAP and 2,4-D) based on completely randomized design with three replications. The maximum frequency of callus induction (100%)
was found in leaf explant on MS medium with a combination of 2, 4-D (3 mg/l) and BAP (1.5 mg/l). Therefore, the best calli were used for cell suspension culture
and the effects of GA3 and ABA as abiotic elicitors were evaluated on the improvement of artemisinin production. The results indicated that both ABA and GA3

increased artemisinin content (2.02 fold and 1.67 fold in comparison to control respectively) in cell suspension culture.
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Introduction

Plants have just been a significant supply of phar-
maceutical for thousands of years. Indeed, even today,
the World Health Organization (WHO) estimates that
around 80 percent of people groups still depend most-
ly on traditional cures, for example, herbs because of
their medicines. It is evaluated that almost one-fourth
of recommended drugs contain plant concentrates or
active substances acquired from or exhibited on plant
substances (1).

Plant secondary metabolites are noted for their signi-
ficant part in the adjustment of plants with their condi-
tions. They represent an important supply of active
pharmaceuticals (2). Among secondary metabolites,
sesquiterpene lactones and flavonoids are the most in-
teresting from the pharmacological perspective. These
substances are noted for their testified medical value
e.g. strong anti-inflammatory, antimalarial, antioxidant,
additionally; they increase immunity and reduce the
chance of atherosclerosis, arthritis and gastrointestinal
disorders (3-6). Recently, anticancer activity of artemi-
sinin has been reported (7).

Among the essential sesquiterpene lactones utilized
as drug artemisinin is very important, it is undeniably
an anti-parasitic medication isolated from field-grown
A. annua (8). Artemisinin has been regarded as the last
line of protection against malaria for a long time (9). In
2004, the World Health Organization (WHO) proposed

that artemisinin-based combination therapy (ACT) is
the best treatment for P. falciparum malaria, and it has
been also accepted in most malaria-endemic countries
(10). Furthermore, in 2015, it was valued that 429 000
deaths from malaria happened globally. Nearly all of the
death (99%) resulted from P. falciparum malaria (11).
Artemisinin has been reported to store in aerial parts
of the plants and seeds. Artemisinin content was found
more in leaves and in florescence, but it was not found
in the root, also artemisinin content in 4. annua is really
low (0.01- 0.8 % dry weight) (12). Artemisinin structure
is exceptionally complex, in this manner, artemisinin
and its derivatives were hard to synthesize and would
not be economically competitive with the natural plant-
derived artemisinin (13, 14).

Klayman (8) announced that one course of treatment
needs 2-3 grams of the medication in clinical trials and
that repeated repetition may demand multiple courses
of treatment per year. One ton of dry A. annua leaves
create only 6 kg of artemisinin (15). Therefore, the im-
proved production of artemisinin either in the cell/tissue
culture or in the complete plant of A. annua is highly
favourable (12).

Biotechnological tools are very important for mul-
tiplication and genetic enhancement of the medicinal
plants by adopting methods such as in-vitro regenera-
tion and genetic transformations (1). The cell culture
procedure is known as an admirable method to the
investigation of the biosynthesis of secondary metabo-




Alireza Zebarjadi et al.

Influence of abiotic elicitors on improvement production of artemisinin.

lites in plants (16). Plant cell cultures are more profi-
table in comparison to cultures in a solid form medium
for the reason that cells are consistently soaked in the
liquid culture medium which results in tissue comple-
tely connect with the nutrients in the medium (17, 18).
An effective way to improve production of secondary
metabolites in field-grown plant, tissue and cell sus-
pension culture is the using of precursors and elicitors
(19). Abiotic elicitors and phytohormones like: methyl
jasmonate (19-21), salicylic acid (SA) (19, 22), gibbe-
rellic acid (GA3) (23, 24), abscisic acid (ABA) (25,
26) or biotic like: chitosan (27), yeast extract (19, 28)
significantly improves the assembly of artemisinin and
shows the capability of biotechnology based approaches
for a large-scale assembly of artemisinin, also several
precursors such as sodium acetate (29), artemisinic acid
(30), mevalonic acid lactone and casein acid hydroly-
sate (31) have been examined to enhance artemisinin
in A. annua. Therefore the aims of current study were
optimizing callus production and use of abiotic elicitors
to enhance the production of artemisinin in the cell sus-
pension cultures of 4. annua.

Materials and Methods

Plant materials and growth conditions

Seed’s of A. annua were collected from the north of
Iran. They were sterilized by 70% alcohol treatment for
1 minute and followed soaking in 2.5% sodium hypo-
chlorite for 10 minutes, then the surface-sterilized seeds
were washed with sterile distilled water for three times.
Then the seeds were cultured on Murashige & Skoog
(32) as a basal medium without any plant growth regu-
lators and they were incubated in a growth chamber at
2542 °C with fluorescent tubes with 16 h photoperiod.

Protocol for callus induction

The leaves and stems from 2 weeks old plants of 4.
annua were cut and used as source of explants, then
explants were cultured on petri dishes containing soli-
dified MS medium supplemented with different combi-
nations of 6-Benzylaminopurin (BAP) and 2,4-Dichlo-
rophenoxyacetic acid (2-4, D), as follows: (BAP: 0, 0.5,
1.5 mg/l and 2-4, D: 0, 1, 2, 3, 4 mg/l). The pH of the
media was adjusted to 5.7- 5.8 before adding agar then
sterilized by autoclaving at 121°C for 20 minutes. All
media with sucrose (30 mg/l) and agar (7 mg/l) were
incubated in a growth chamber at 25+2 °C under dark
conditions. The Calli were transferred to fresh media
every 2 weeks.

Cell suspension culture

After 35 days, the best calli (fresh and breakable)
were used to establish the cell suspension of 4. anuua.
The calli with a weight of 1+0.5 g were transferred into
500 ml sterilized flasks, containing 100 ml liquid me-
dium with sucrose 30 g/l, BAP 1.5 mg/l, and 2,4-D 3
mg/l. The flasks were continuously shaken on the sha-
ker with rate 120 rpm. The cultures were maintained in
the culture room with a temperature of 25+2°C and dark
conditions.

Induction of artemisinin production
To increase the artemisinin production in the cell

suspension of A. annua, different concentrations of
ABA and GA3 were used as abiotic elicitors. After
45 days, in order to investigate the effect of different
concentrations ABA and GA3 treatments on artemisi-
nin content, fresh cells were transferred into liquid MS
medium supplemented with ABA (5 and 10 mg/l) and
GA3 (5 and 10 mg/l). After 5 days, the content of arte-
misinin in each concentration and inducer elicitors was
measured by high-performance liquid chromatography
(HPLC). For analysis of artemisinin content, 100 mg of
dried and powdered cells were permitted to drench with
2.0 ml diethyl ether for 48 h. The filtrate was then dried
under vacuum and the residue was dissolved in 1.0 ml
of methanol. Then was treated with 4.0 ml NaOH (0.2%
w/v) and incubated at 50+£2C for one hour with shaking.

Data analysis

All experiments were analyses based on a comple-
tely randomized design with three replications and 10
explants in each petri dish. Means were compared using
Duncan’s multiple range tests at the 1% probability
level (p<0.01). The computations were made using the
SAS statistical analysis package (SAS Inc. Cary, USA).
All residuals data were checked for normal distribution
using R software before statistical analysis.

Results

The seeds of 4. annua cultured on MS medium were
germinated within 10- 14 days under in vitro condi-
tions. After fourteen days the explants began callus de-
velopment (Fig. 1). The results of analysis of variance
(ANOVA) for callus formation were presented in Table
1. These results were indicated that callus induction was
variable and depended on applied concentration and
combination of plant growth regulators. The results of
ANOVA demonstrated that there was the non-signifi-

Figure 1. Callus induction on MS medium including 3 mg/1 2, 4-D
and 1.5 mg/l BAP (Left) and into control medium (Right).

Table 1. Analysis of variance for effects of explant types and PGRs
on callus induction in 4. annua.

Source of variations Df Mean of Squares
2,4-D 4 7486 ™
BAP 2 19670 ™
Explant 1 1.6

2,4-D * BAP 8 854 ™
Explant * 2,4-D 4 1244 ™
Explant * BAP 2 1887 ™
Explant * BAP *24-D 8 788 **

Error 60 282

Df: Degree of freedom, ns: Non-significant, **: Significant diffe-

rence at p < 0.1. 0.
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Table 2. Effect of different concentrations of plant growth regulators
on percent callus formation from leaf and stem explants of 4. annua
L.

Growth regulator Callus formation

explant (mg/l) (%)
BAP 2,4-D Mean
0 0 0
0 1 20hi
0 2 16
0 3 24hi
0 4 37feh
0.5 0 0!
0.5 1 24hi
Leaf 0.5 2 37teh
0.5 3 4]cfeh
0.5 4 62cdet
1.5 0 12k
1.5 1 83abed
1.5 2 87abed
1.5 3 100°
1.5 4 100°
0 0 0l
0 1 45¢feh
0 2 20h
0 3 29¢
0 4 20™h
0.5 0 25nh
stem 0.5 1 66°f
0.5 2 41¢h
0.5 3 954
0.5 4 20 i
1.5 0 24 hi
1.5 1 584de
1.5 2 69
1.5 3 91w
1.5 4 1002

Means in each column followed by different letter (s) had significant
difference at p < 0.1.0.

cant difference between explants types for callus forma-
tion, but there were significant differences among main
levels of BAP, 2,4-D concentrations and their interac-
tions (p<0.01) (Table 1).

Means comparison for triple interactions (Explant *
BAP * 2, 4-D) was done (Table 2). The results were indi-
cated the explants cultured on medium without growth
regulators (control) did not show callus formation. Ac-
cording to table 2, the percentage of callus induction
ranged from 12 to 100%. The maximum percentage of
callus induction (100%) occurred on MS medium with
combinations of 2, 4-D (3 and 4 mg/l) and BAP (1.5
mg/1) for leaf explants and for stem explants in combi-
nations of 2, 4-D (4 mg/l) and BAP (1.5 mg/l).

Influence of ABA and GA3 treatments on arte-
misinin content

The data was analyzed using means comparison and
indicated significant differences among the treatments
(ABA: 0, 5 and 10 mg/l as an elicitor) at 5% level of

Table 3. The effect of concentration of abiotic elicitor (ABA) on
artemisinin content in A. annua cell culture.

Artemisinin (mg/g) Elicitor ( mg/l)
Mean (mg/g) ABA
5.36° 0
6.80° 5
10.86* 10

Means in each column followed by different letter (s) are significantly
different at 5% level, analyzed by Duncan’s multiple range tests.

Table 4. The effect of concentration of abiotic elicitor (GA3) on
artemisinin content in 4. annua cell culture.

Artemisinin (mg/g) Elicitor (mg/1)
Mean (mg/g) GA3
5.36° 0
6.5° 5
8.98° 10

Means in each column followed by different letter (s) are significantly
different at 5% level analyzed by Duncan’s multiple range tests.

significance by Duncan’s multiple range tests (Table 3).
This result was showed that the ABA have significant
effect on artemisinin content. It was observed maximum
increasing (2.02 fold) when ABA used in 10 mg/l as an
abiotic elicitor in MS medium.

According to Table 4, it was defined that content
of artemisinin as a secondary metabolite in GA3 (Gib-
berellin) 5 and 10 mg/l was more than control and the
amount of this metabolite increased in concentration of
10 mg/l of GA3. The maximum of increasing was about
1.67 fold (Fig. 2 and 3).
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Figure 2. HPLC results of the effect of GA3 on artemisinin content
in A. annua (check).
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Figure 3. HPLC results of the effect of GA3 on artemisinin content
in A. annua (in 10 mg/l GA3 treatment).
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Discussion

Increasing content of artemisinin either in cell/tissue
culture or in the complete plant of A. annua is highly
favourable (12). In vitro culture of Artemisia species
have been the object of some researches (33-35). Aslam
et al. (34), announced the maximum frequency of cal-
lus formation (80-100) was obtained from leaf explants
of A. annua were cultured on MS medium supple-
mented with 2, 4-D and NAA. Gansan and Paulsamy
(35), reported that the BAP and 2, 4-D induced callus
formation in A. annua L. (40-55%), this result was in
agreement with our results. Dangash et al. (33) repor-
ted that the highest percentage of callus induction was
obtained from explants cultured on MS+ 0.5 mg/l BAP
+ 0.5, 1.5 mg/l 2, 4-D in A. annua. The ability of 2,4-
D along and in combination with cytokinins in callus
formation might be for their function in DNA synthe-
sis and mitosis (36). External factors such as nutrient
levels, stress factors, light and growth regulators were
affected on numerous secondary metabolite pathways.
Artemisnin content is known to be seriously affected
by both genotype and external factors. Enhancement
of artemisinin production by biotic and abiotic elicitors
has been reported in A. annua plant (19, 25, 37). Abs-
cisic acid (ABA), characterized as a stress hormone,
plays a substantial role in responses to biotic and abiotic
stresses including drought, salt, osmotic, and cold stress
(38). ABA acts through a complex signaling cascade
to induce changes in gene expression and in adaptive
physiological responses (26). They reported that arte-
misinin content increased by ABA treatment. Spraying
ABA onto A. annua plant and transgenic A. annua whit
ABA receptor also salt stress can increase the produc-
tion of artemisinin by inducing the expression of key
genes in artemisinin biosynthesis pathway. In addition,
it was reported that ABA could stimulate the production
of some secondary metabolites (39). According to Jing
et al (40) artemisinin content in plants treated by 10 pM
ABA was 65% higher than that in the control plants, and
gene expression analysis indicated that in both the ABA-
treated plants and cell suspension cultures, expression
of the important genes in the artemisinin biosynthetic
pathway, were significantly boosted. Gibberellic acid, a
plant hormone that can induce blooming, has been re-
ported to improve growth and artemisinin biosynthesis
in shoot cultures, root cultures, cell culture and plant-
lets of A. annua (19, 41-45). The current study indicated
GA3 also improved artemisinin production compared to
control and maximum content (8.96 mg/L) was obtai-
ned (1.67 fold) when GA3 (10 mg/l) was added. Since
GA is known to induce flowering in some plants (46),
and maximum artemisinin accumulation in field-grown
crops occurs at or near the onset of flowering in most
strains (44, 47-49). Development of artemisinin content
and leaf biomass in 4. annua by exogenous GA3 treat-
ment were reported by Banyai et al. (23). The GA3
increased synthesis of key enzymes in the artemisinin
biosynthesis pathway. Remarkably, exogenous GA3
application constantly enhanced the artemisinin content
from the vegetative stage to the flower initiation in both
plant lines and have a significantly higher leaf biomass
than in the control plants. Subsequently, the artemisinin
yield in GA3-treated plants was much higher than in the

control plants. Therefore, increased artemisinin content
from exogenous GA3 treatment was related with in-
creased expression of key enzymes in the artemisinin
biosynthesis pathway. The current study indicated that
artemisinin production continuously increased until 96
h after application of GA3.

There was the non-significant difference between ex-
plant types but there were significant differences among
levels of plant growth regulators and interactions for
callus formation. Finally, in 4. annua it was found that
the most important secondary metabolite (artemisinin)
content of calli derived explants could be enhanced by
abiotic elicitors application.
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