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ABSTRACT 
 
 Artemisia annua L. (Asteraceae) is a traditional medicinal herb whose natural compounds have crucial role 
in its defense system. Production of these antifungal and antimicrobial compounds can be induced by certain 
elicitors. In the present research the plants in their flowering stage were treated with two well-known elicitors 
i.e., silver nanoparticles (AgNPs) and methyl Jasmonate (MeJA), both of which provoke defense responses. The 
treatments were conducted at final concentrations of 0.4, 0.8 and 1.2 mM of AgNPs and 50 and 100 µM of 
MeJA for 24 h. The content of natural compounds e.g., anthocyanin, flavonoids, and essential oils as well as 
radical scavenging activity and membrane lipid peroxidation rate were determined. Treatment of the plants with 
MeJA and AgNPs increased anthocyanin content, although not efficient to reduce peroxidation of membrane 
lipids. Total of 15 components were identified as essential oil of the plants with or without treatment with MeJA 
and AgNPs. High content of Camphor was observed in those plants treated with 1.2 mM AgNPs (6.61%). The 
most value of Germacrene-D and trans–caryophelene were observed in plants treated with 50µm and 100µm 
MeJA (11.02% and 9.67%). The high concentration of β-selinene (23.02%) and Artemisia ketone (9.68%) were 
observed in treatment with AgNPs. Treatment with 1.2mM AgNPs and 50 µM MeJA resulted in remarkable 
increase of oxygenated monoterpenes. The results suggested that high concentrations of AgNPs and MeJA 
hindered biosynthesis of longer terpenoids so that monoterpens were more abundant than sesquiterpens in 
treated plants, compared to nontreated ones. 
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Introduction 
 
 The genus Artemisia, composed of small herbs 
and shrubs, is one of the largest and most widely 
distributed genera of the Asteraceae family. 
Members of this genus have a distinctive scent or 
taste and are of unique botanical and pharmaceutical 
interest. Among several species of the genus, 
Artemisia annua L., commonly known as ‘qinghao’ 
or ‘Annual wormwood’, is an annual aromatic plant 
which is luxurious in growth, erect and with bright 
green foliage and inflorescence. It is a traditional 
medicinal herb, native to China and widely cultivated 
in Asia, America and Europe [13]. 
 A. annua contains many biologically active 
compounds; the most important is a sesquiterpene 
lactone Artemisinin and certain derivatives such as 

Arteether, Antemether, Artesunate and 
Dihydroartemisinin, this compound has been 
established as the most potent antimalarial drug and 
possesses activity against drug resistant strains of the 
malaria parasite (Plasmodium falciparum). 
Currently, Artemether is recommended by the World 
Health Organization (WHO) for resistance to 
cerebral malaria [22]. 
 The foliage and inflorescence of A. annua plants 
also yield an essential oil, which has potential to be 
used in perfumery, cosmetics and aromatherapy and 
has also been reported to possess antifungal and 
antimicrobial activities [19]. 
 It also produces a group of coumarins, flavones 
and terpenoids such as Artemisia ketone, artemisinic 
alcohol, arteanniun B, 1,8-cineole, camphor and 
myrcene hydroperoxide. The essential oils are 
produced in its trichomes present in leaves and 
flowers. However literature reviews showed 
variation between chemical composition of essential 
oil of A. annua, depending of geographical origin 
and stage of development. For instance, it has been 
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reported that A. annua cultivated in Iran was very 
rich in Camphor (36.7-48.0%) and 1, 8-cineol (9.4-
13.9%). Production of these antifungal and 
antimicrobial compounds can be induced by certain 
elicitors which can mimic the induction of defense 
responses. 
 Metal Nano particles exhibit marvelous chemical 
and physical properties which strongly depend on 
size and surface configuration. Particularly, Ag and 
Au nanoparticles have been extensively investigated 
because of their applications. Silver occurs naturally, 
but when the size of AgNPs is reduced to less than 
100 nm, its physicochemical properties change, and 
may evidence properties that are not seen at larger 
scales [21]. AgNP, as a result of its excellent 
antibacterial activity, is currently one of the most 
frequently used silver compounds in products used 
by people, including toothpaste, fabric, electronic 
products, and detergents. Silver in various forms has 
long been recognized for antimicrobial and 
antifungal properties via destruction of the 
membrane integrity and inhibiting the normal 
budding process [5].  
 Lu et al. [9], reported that pulse treatments for 
1h with 50 and 100 mg L-1 AgNPs extended vase life 
of cut rose cv. Movie Star flowers.  
 Jasmonic acid and its methyl ester MeJA are 
signaling molecules synthesized from linoleic acid 
(C18:3) and play major roles in plants developmental 
processes as well as defense against biotic and 
abiotic elicitors. Leaf tissues exhibit a fast increase in 
Jasmonate levels in response to various stimuli and 
stresses, for example wounding, herbivore, and 
infection. It is known that herbivore attack and injury 
cause an increase of endogenous jasmonate which 
plays a role as a regulatory signal to produce 
defensive proteins (e.g. PR proteins) and metabolites 
(e.g. phytoalexins). Exogenous application of JA to a 
plant cell culture or intact plant simulates the 
biosynthesis of a wide variety of plant secondary 
metabolites, each plant species seems to induce 
different species specific type of secondary 
metabolites biosynthesis pathway.  
 In this research we investigated the effect of 
AgNPs and MeJA on secondary metabolites 
(anthocyanin and flavonoid), membrane lipid 
peroxidation, DPPH radical scavenging activity and 
the essential oil components of A. annua L. plants. 
 
Materials and Methods 
 
Plant material and treatments: 
 
 Artemisia annua L. plants were obtained from a 
garden in Tehran in their vegetative growth stage, 
identified and authenticated and a voucher specimen 
was deposited at the Herbarium of the Tarbiat 
Modares University, Tehran-Iran. Plant specimen 
was identified by Dr. Shahrokh Kazempour Osaloo 
from the same institute. The plants were transferred 

into an aerated modified Hoagland nutrient solution 
containing K2SO4 (0.46 mM), KH2PO4 (0.1 mM), 
NH4NO3 (0.73 mM), (NH4)2SO4 (0.713 mM), H3BO3 
(0.046 mM), CuSO4 (0.002 mM), Fe-EDTA (0.032 
mM), MgSO4 (0.41 mM), CaCl2 (0.5 mM), ZnSO4 
(0.0091 mM), Na2MoO4 (0.0026 mM), and MnSO4 
(0.09 mM). The pH was adjusted to 5.8, and the 
nutrient solution was changed every 4 days. The 
plants were grown under a 16/8-h photoperiod in 
green house. In pre-flowering stage of the growth, 
the plants were treated with 0, 50 and 100 µM of 
MeJA (Sigma-Aldrich, Germany), and 0.4, 0.8, 1.2 
mM of AgNPs (US Research Nanomaterial Inc., 
USA),  for 24 h. The duration of treatments and the 
applied concentrations were decided according to 
literatures [17]. After treatments, the plants were 
harvested, washed and roots and aerial parts were 
separated. Aliquots were frozen in liquid N2 and kept 
at -80 ºC until used for biochemical measurements 
and remained parts were shadow-dried, before 
applying for extraction of essential oil. 
 
Membrane lipid peroxidation assay: 
 
 The level of peroxidation of membrane lipids 
was evaluated by measuring malondialdehyde 
(MDA) as a final product of lipid peroxidation. 
Aliquots of frozen samples (0.2 g) were 
homogenized in TCA (trichloroacetic acid, 10%). 
The homogenate was centrifuged at 10,000 ×g for 15 
min and 1mL TBA (thiobarbituric acid, 0.5%) was 
added to 1mL of the supernatant. This mixture was 
incubated at 100 ºC in water bath for 30 min. Then 
the reaction tubes were transferred to ice-water bath. 
The absorbance of MDA was read at 532 nm and 600 
nm, using a double beam UV-visible 
spectrophotometer (Cintra 6, GBC, Victoria, 
Australia). The amount of MDA-TBA complex was 
calculated from the extinction coefficient of 155 mM-

1cm-1 [16].  
 
DPPH radical scavenging activity: 
 
 Radical scavenging activity was measured by 
using diphenyl-2-picryl-hydrazyl (DPPH). A stock 
solution of 24 mg 1,1- was prepared in 100 mL 
MeOH. The working solution was obtained by 
mixing 10 mL stock solution with 45 mL methanol to 
obtain an absorbance at 517 nm using the 
spectrophotometer. Each sample extract (250 µL) 
were allowed to react with 250 µL of DPPH solution 
for 30 minutes in the darkness. Then the absorbance 
was read at 517 nm. Percentage of DPPH scavenging 
activity was calculated as % inhibition of DPPH = 
[Abs control – Abs sample / Abs control] × 100 [1]. 
 
Total Anthocyanin measurement: 
 
 Anthocyanin content was assayed according to 
the method of Kondo et al. [6]. In brief, 0.2 g of 
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frozen tissue were homogenized completely with 
acidic MeOH (MeOH: HCl, 99:1 v/v) and 
centrifuged at 12,000 ×g for 15 minute. The 
supernatant was kept in darkness for one night. 
Anthocyanin content was determined by measuring 
the absorbance at 550 nm by spectrophotometer, 
using extinction coefficient of 33000 Cm-1M-1.  
 
Determination of total flavonoids: 
 
 For the assessment of flavonoids, the 
colorimetric method described by Abbas et al. [1] 
was adapted, using catechin as a standard. Deionized 
water (1250 µL) was added to 0.25 mL of the sample 
extract, followed by adding 75 µL of 5% sodium 
nitrit (NaNO2). Six minutes later, after addition of 
150 µL 10%  AlCl3, the mixture was allowed to stand 
for another 5 minutes and then 500 µL of 1 M NaOH 
was added. Final volume was made up to 2500 µL by 
deionized water and the absorbance was measured at 
510 nm.  
 
Essential oil extraction: 
 
 The essential oils were obtained from 50 g of dry 
plant aerial parts by hydrodistillation using a 
Clevenger-type system for 4 h. The yield of each 
essential oil was determined on average over the 
three replicates. After extraction the oil was collected 
in screw capped glass vials and dried over anhydrous 
Na2SO4. The oil collected from the samples were 
kept at 4ºC in the darkness and were analyzed by 
GC/MS.  
 
Gas chromatographic (GC) and mass spectrometry 
(GC-MS) analyses: 
 
 Gas chromatographic analysis was performed 
using a Shimadzu GC-2010 equipped with an FID 
and an HP-5 fused silica column with a 5% phenyl-
substituted methylpolysiloxane phase. The oven 
temperature was set at 60 ºC, and then programmed 
to 250ºC with heating ramp of 5ºC min-1. The carrier 
gas, helium (99.999%), was adjusted to a linear 
velocity of 43 cm/sec. The essential diluted solution 
was injected into the GC/MS in the split mode with a 
split ratio of 1/20. MS analyses were performed 
using a Shimadzu MS-QP2010 with ionization 
energy of 70 eV, a scan time of 0.5 s and a mass 
range of 33-450 (Atomic mass unit/Dalton).The 
components of the oil were identified by comparison 
of their mass spectra with those of the spectrometer 
database using the NIST147 mass spectral database 
and also with those of authentic through comparing 
the fragmentation patterns and Retention index with 
those reported in the literature. The percentages of 
compounds were calculated by the area 
normalization method without considering response 
factors to establish abundances. The retention index 
was found with a standard mixture of C8 to C22 

compounds under chromatography conditions, 
consistent with those of the chromatography 
conditions of the analyzed samples. For each 
essential oil, the RI and the peak area percentages 
were calculated as mean values of the three 
injections. 
 
AgNPs characterization: 
 
 According to the manufacturer the diameter of 
AgNPs was 30-50 nm, purity was 99.99%.  Existence 
of AgNPs particles in plants extract (which showed 
their absorption by the plants) and their size was 
evaluated by Zeta Plus particle sizer (Malvern 3000 
HSA, France) using Zetasizer software Ver6.12.  
 
Statistical analysis: 
 
 All statistical analysis was performed with 
Microsoft Excel. The data were analyzed by T-test. 
Differences at P ≤ 0.05  were considered as 
significant. Obtained data were reported as mean ± 
standard deviation. 
 
Results: 
 
 Treatment of Artemisia plants with 100 µM 
MeJA significantly increased the level of membrane 
lipid peroxidation, while 50 µM MeJA brought no 
significant changes in lipid peroxidation rates of the 
plants, compared with the control plants (Fig. 1A). 
Treatment with AgNPs damaged membranes of 
plants and the level of membrane lipid peroxidation 
significantly increased along with the increase of 
AgNPs concentration, so that the most pronounced 
level of lipid peroxidation was observed in plants 
treated with 1.2mM AgNPs, in comparison with the 
control plants (Fig. 1B) 
 Capacity of Artemisia plants to scavenge free 
radicals significantly decreased with 50µM MeJA 
but increased in plant treated with 100 µM MeJA 
(Fig. 2A).  Treatment of the plants with 1.2 mM 
AgNPs significantly decreased their radical 
scavenging activity, compared to control plants. 
Radical scavenging activities of 0.4- and 0.8 mM 
AgNPs-treated plants were identical to the control 
ones (Fig. 2B). 
 Anthocyanin content of the plants significantly 
increased by 50 and 100 µM MeJA, in comparison 
with control plants (Fig. 3A). There was no 
significant difference between anthocyanin contents 
of 50- and 100 µM MeJA-treated plants (Fig. 3A). 
Treatment with 1.2 mM AgNPs significantly 
decreased anthocyanin content of the plants (Fig. 
3B). 
 Treatment of Artemisia plants with 50 and 100 
µM MeJA brought no significant changes in 
flavonoid contents of the plants, compared to the 
control ones (Fig. 4A). Flavonoid contents of plants 
treated with 0.8 and 1.2 mM AgNPs were 
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significantly higher than that of either control or 
those which were treated with 0.4 mM AgNPs (Fig. 
4B). 
 Treatment with 100 µM MeJA and different 
concentrations of AgNPs significantly increased 

essential oil yield of Artemisia plants. In this 
connection the stimulatory effects of AgNPs were 
more pronounced (Table 1). Among different 
components, ß-selinen was had the highest content in 
control plants (Table 1). 

 

 
Fig. 1: Membrane lipid peroxidation of A. annua L. treated with 0, 50 and 100 µm MJ (A) and 0, 0.4, 0.8, and 

1.2 mM AgNPs (B). Data are presented as the means ± SD with n = 3. Bars with different letters are 
significantly different at p≤0.05, according to the Student’s t-test. 

 
Table 1: Chemical composition and contents of essential oil of Artemisia annua L. treated with different concentrations of silver 

nanoparticles (AgNPs) and Methyl Jasmonate (MeJA). The contents of essential oil components were determined by GC and 
GC-MS, regarding RI and the mean peak area percentages of three samples and three injections. 

No    Identification       Formula                                          Content (%) 
   Control AgNPs(MM) MeJA(µM) 
    0.4 0.8 1.2 50 100 

1 Alph-pinene C10H16 10.43 - - 11.47 7.46 6.19 
2 Comphene C10H16 2.14 1.06 1.43 1.75 1.15 0.8 
3 Sabinen C10H16 1.31 0.7 0.14 - - 0.21 
4 Delta-3-carene C10H16 - - 0.55 1.3 1.03 0.63 
5 1,8-Cineol C10H18O 1.6 0.9 1.31 2.85 1.63 1.86 
6 Artemisia ketone C10H16O 3.06 1.94 4.89 9.68 4.81 6.28 
7 Camphor C10H16O 6.33 4 - 6.61 6.53 4.71 
8 Sabineyl acetate C12H18O2 0.6 0.52 5.2 1.79 1.74 2.78 
9 Pinocarvone C10H14O 1.21 1.16 0.93 2.58 2.14 3.37 
10 Junipene C15H24 1.07 2.09 1.22 1.6 2.16 1.72 
11 Trans- 

Caryophelene 
C15H24 7.19 8.63 6.56 8.11 9.67 6.95 

12 Germacrene D C15H24 9.7 9.17 8.86 9.77 11.26 7.31 
13 β-selinen C15H24 21.76 23.02 - 0.06 21.26 17.91 
14 Cadinene C15H24 2.33 3.89 2.99 2.03 3.05 3.31 
15 Alpha-cyperone C15H22O 1.02 2.25 1.47 0.92 1.87 2.02 

 Total  69.75 59.33 35.55 60.52 75.76 66.05 
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Fig. 2: Radical scavenging capacity of A. annua L. treated with 0, 50 and 100 µm MJ (A) and 0, 0.4, 0.8, and 

1.2 mM AgNPs (B). Data are presented as the means ± SD with n = 3. Bars with different letters are 
significantly different at p≤0.05, according to the Student’s t-test. 

 

 
Fig. 3: Anthocyanin content of A. annua L. treated with 0, 50 and 100 µm MJ (A) and 0, 0.4, 0.8, and 1.2 mM 

AgNPs (B). Data are means ± SD, n = 3. Bars with different letters are significantly different at p≤0.05, 
according to the Student’s t-test. 
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Fig. 4: Flavonoid content of A. annua L. treated with 0, 50 and 100 µm MJ (A) and 0, 0.4, 0.8, and 1.2 mM 

AgNPs (B). Data are means ± SD, n = 3. Bars with different letters are significantly different at p≤0.05, 
according to the Student’s t-test. 

 
Discussion: 
 
 Exposure of Artemisia plants to elicitors MeJA 
and AgNPs resulted in lowering membrane integrity 
and increase of peroxidation rate of their membrane 
lipids. It has been observed that treatment of the 
plants with jasmonic acid and its derivatives induce 
oxidative stresses, damage membranes and increase 
concentration of MDA in plant cells [10]. Elicitor 
function of AgNPs through increased ROS formation 
and peroxidation of membrane lipids has been 
reported in certain fresh water microalgae [12].  
 One of the inevitable responses of plants to 
elicitors is the enhancement of reactive oxygen 
species, whose accumulation can cause cellular 
toxicity and damage whereas their relatively low 
levels can be used for acclamatory signaling and 
promotion of defense system. In this connection, in 
the present study 100 µM MeJA increased DPPH 
scavenging activity of Artemisia plants whereas the 
adverse effect of AgNPs on plant membranes (in 
particular at the highest concentration) was so severe 
that  significantly reduced radical scavenging 
capacity of the plants.  
 Secondary metabolites e.g., flavonoids, 
anthocyanins, alkaloids, and essential oils 
(terpenoids) are of particular defense metabolites 
whose induction by jasmontes have been previously 
reported [6]. Treatment of A. annua with MeJA and 
AgNPs in the present study resulted in increase of 
anthocyanin and flavonoid contents, respectively. 

The roles of ROS in the elicitor-induced 
accumulation of secondary metabolites have been 
widely observed in the biosynthesis of indole 
alkaloids in C. roseus cell cultures [23], and MeJA-
induced anthraquinone accumulation in Rubia 
tinctorum cell suspension culture [14]. External use 
of MeJA lead to an increase of anthocyanin of apple 
fruits [6] and flavonoid contents of blackberries [20]. 
Decrease of Anthocyanin in plants treated with 
AgNPs can be consequence of changes in direction 
of anthocyanin biosynthesis to more flavonoid 
production in plants. 
 The Artemisia annua plant is known to produce 
aromatic oil in high density in the trichomes on 
leaves and capitula [3]. Generally, A. annua essential 
oils were characterized by high percentages of the 
monoterpenoids compounds such as Artemisa 
ketone, Artemisia alcohol, camphor and 1, 8-cineol 
[2], and major sesquiterpenic compounds e.g.,  
Germacrene D and Caryophelene, most of them have 
been tested for antifungal and antimicrobial 
properties [3,7]. 
 Both MeJA and AgNPs stimulated the 
production of essential oils in Artemisia plants, 
showing the defense response of the plant against 
elicitor effects of MeJA and AgNPs. In this 
connection the stimulatory effects of AgNPs were 
more pronounced. There is a rather rich literature on 
essential oils of A. annua reporting different 
components with different proportions [18,3,19]. It is 
generally accepted that essential oil of A. annua 
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before flowering contains mostly oxygenated 
monoterpenes, such as camphor and 1,8-cineol and 
during flowering period contains almost same 
amounts of these monoterpenoid representative, but 
in different contents, and after flowering period 
contains slightly higher amount of oxygen containing 
sesquiterpenoids, such as Caryophellene oxide and 
Spathulenol [3]. However according to our results ß-
selinen (a sesquiterpen) showed the highest amount 
followed by α-pinnene, germacrene D, trans 
caryophelene, and camphor. This component has 
been reported as major component of essential oils of 
A. absinthium from Turkey [4]. Beta-selinen and its 
autoxidation derivative are active antimalarial 
substances and are reported as aggregation 
pheromone in Japanese subterranean termite [11]. 
 Treatment with AgNPs and MeJA brought slight 
changes in the composition of oils of A. annua so 
that ∆ -3-carene was only observed in those plants 
which were treated with 0.8, and 1.2 mM AgNPs and 
50 and 100µM MeJA, but not in control plants. Delta 
3-carene is a suitable chemical to be used as a model 
substance of fragrances in washing detergents and 
cosmetics. The terpenoid 3-carene is commonly used 
as a fragrance component and is a potent skin-
sensitiser in allergy and toxicology [8].  
  The most relative increase of oil components of 
A. annua was observed in artemisia keton content of 
1.2 mM AgNPs and 100 µM MeJA. Artemisia 
ketone was detected as the major component of A. 
annua in full blooming stage is the main constituent 
of essential oils of A. annua with potential acaricidal 
activity [15]. This compound is an irregular 
monoterpene that is apparently found via Artemisia 
alcohol [19]. Artemisinin was not found among the 
chromatographic profiles of any of the essential oils. 
It is not surprising since Artemisinin undergoes 
decomposition under the steam distillation conditions 
and that its decomposition products are not steam 
distillable. 
 
Conclusion: 
 
 The results presented here that application of 
AgNPs and MeJA, particularly at high 
concentrations, enable researchers to manage 
metabolic pathway of essential oils of A. annua by 
hindering biosynthesis of longer terpenoids shifting 
toward production of more desired monoterpens with 
more antibacterial, antifungal, and anticancer 
properties. 
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