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Abstract: Artemisinin, a sesquiterpeneendoperoxide lactone isolated from Artemisia annuaL. and three of its
semi-synthetic derivatives, dihydroartemisinin,artemether and artesunate, were tested for their antimicrobial
activity against phytopathogenicfungi and bacteria, namely, Aspergillusflavus, Alternariasolani,
Rhizoctoniasolani, Fusariumoxysporum, Agrobacterium tumefaciens and Erwiniacarotovoravar. carotovora
and for their phytotoxicity against the weed Phalariscanariensis. All of the tested compounds showed
fungicidal activity against the four tested fungi with artemisinin and dihydroartemisinin being more effective
than artemether (3) and artesunate (4). On the other hand, artemisininwas found to have the highest antibacterial
activity against E. carotovoravar. carotovora and A. tumefaciens with MIC values of 2000 and 4000 mg/l,
respectively. The tested compounds showed pronounced seed germination and seedling growth inhibitory
effects against P. canarensis. Artemethercaused the highest inhibition of seed germination, root and shoot
growth. These compounds are considered potent leads for new pesticidal molecules, with new modes of action.

Key words:Sesquiterpenes  Artemisininderivatives  Fungicidal activity  Antibacterialactivity  Herbicidal
activity

INTRODUCTION 1979. Artemisinin (1)is well known for its anti-malarial

One of the major obstacles facing the food derivatives,were  tested for their therapeutic effects
production in the world is the loss caused by insect pests, against  different types of human pathogens and
plant diseases and weeds. The extensive use of chemical diseases, e.g. hepatitis,  schistosomiasis,  cancer,
control measures (conventional pesticides) is considered trematodiasis [10-18].
the most effective method for crop protection. On the As part of our research endeavors forthe discovery
other hand, the use of these chemicals has led to many of effectivepest control compounds  from  plant  origin
environmental and ecological problems, e.g. toxicity to [19-23], it seemed worthy to consider investigating a
non-target organisms, residues contaminating soil and unique moleculelike artemisinin (1) and its semi-synthetic
water, which transfer to crops, enter the food chain and derivatives, dihydroartemisinin (2), artemether(3) and
finally are taken by humans [1, 2]. In addition, the artesunate (4), as potent alternatives for conventional
evolution and wide spread of the pesticide resistance pesticides. Therefore, we report here the antimicrobial and
phenomenonamong almost all types of pests i.e. insects, phytotoxic properties of these compounds.Although,
weeds and phtyopathogenic bacteria and fungi, which is there are some reports about the antimicrobial activity of
considered as a threat to pesticides itself [3-7]. Artemisinin and its derivatives against human or animal

Artemisinin (1) is a sesquiterpeneendoperoxide pathogens, to the best of our knowledge this is the first
lactone with a unique 1,2,4-trioxane segment was isolated report describing its activity against phytopathogens.
in 1972 from the shoots of Artemisia annuaL. (sweet or Meanwhile, studies concerning the phytotoxicityeffects
annual wormwood) and its structure was elucidated in are rare.

activity[8, 9].Artemisinin(1) and its semi-synthetic
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MATERIALS AND METHODS Test Weed: Canary grass(Phalariscanariensis L.,

Chemicals: Four sesquiterpenes, artemisinin (99%), Research Station Farm, Alexandria, Egypt in June 2011. All
dihydroartemisinin (99%), artemether (99%) and undersized or damaged seeds were discarded and the
artesunate (99%), were procured from Shaanxi Scipharm assayed seeds of uniform size were selected. Germination
Hi-Tech Industry Co., Shaanxi, China. of the seeds was tested before experiments and was 80%.

Test Microorganisms: Plant pathogenic fungi species, In vitro Antifungal Assay: The antifungal activity of the
Aspergillusflavus(Link),AlternariasolaniSorauer
(Ellis),Rhizoctoniasolani(Kuhn) andFusariumoxysporum
(Schltdl.), were obtained from the Fungicide Bioassay
Laboratory,   Department   of  Pesticide  Chemistry,
Faculty of Agriculture, Alexandria University. The fungi
were maintained during the course the experiments on
potato  dextrose  agar  medium  (PDA:  potato 200,
dextrose 20 and agar 15 g litre  in distilled water) at 25 °C.1

Bacteria  of  crown  gall  disease  Agrobacterium
tumefaciens (E. F. Smith and Town.) (Family:
Rhizobiaceae; Class: Alpha Proteobacteria) and soft mold
disease and Erwiniacarotovoravar. carotovora(Family:
Enterobacteriaceae; Class: Gamma Proteobacteria) were
provided by Microbiology Laboratory, Department of
Plant Pathology, Faculty of Agriculture, Alexandria
University, Egypt. The bacterial strains were maintained
on nutrient agar medium (NA: peptone 10, meat extract 5,
sodium chloride 2.5 and agar 10 g litre  in distilled water)1

at 37°C).

Poaceae)seeds were collected from Alexandria Desert

four sesquiterpeneswas tested using radial growth
technique [24, 25]. Appropriate volumes of the stock
solutions of the sesquiterpenes in dimethyl sulfoxide
(DMSO) were added to PDA medium immediately before
it was poured into the Petri dishes (9.0 cm diameter) at 40-
45°C to obtain a series of concentrations (50, 100, 200, 300,
400, 600, 800 and 1000 mg/l) Each concentration was
tested in triplicate. Parallel controls were maintained with
DMSO mixed with PDA. The discs of mycelial felt (0.5 cm
diameter) of the plant pathogenic fungi, taken from 8-day-
old cultures on PDA plates, were transferred aseptically
to the centre of Petri dishes. The treatments were
incubated at 27 °C in the dark. Colony growth diameter
was measured after the fungal growth in the control
treatments had completely covered the Petri dishes.
Percentage of mycelial growth inhibition was calculated
from the formula: Mycelial growth inhibition =
[(DC-DT)/DC] × 100 (Pandy et al., 1982), where DC and
DT  are average diameters of fungal colony of control and

Fig. 1: Chemical structure of artemisinin and artemisinin derivatives.



World Appl. Sci. J., 28 (10): 1382-1388, 2013

1384

treatment, respectively. The concentration of the Statistical Analysis: The concentration-response data
sesquiterpene that inhibit the fungi mycelial growth by were subjected to Probit analysis [26] to obtain the EC
50% (EC ) was determined by a linear regression method values using the SPSS 12.0 software program (Statistical50

[26]. Package for Social Sciences, USA). The values of EC

Minimum Inhibitory Concentration (MIC) Assay: Agar confidence limits did not overlap. Germination
dilution method was used as recommended by European percentages, root lengths and shoot lengths were
Society of Clinical Microbiology and Infectious Diseases subjected to one-way analysis of variance followed by
[27] for determination of MIC. The tested sesquiterpenes Student-Newman-Keuls test (Cohort software Inc. 1985)
were dissolved in DMSO. Appropriate volumes of the to determine significant differences among mean values at
stock solutions were added to molten NA to obtain a the probability level of 0.05. 
range of concentrations (100 to 10000 mg/l) before
pouring to Petri dishes. After solidifications, 6 µl of RESULTS AND DISCUSSION
bacterial cultures (approximately 10  CFU/ml) was spotted8

(three spots per each plate) using 2 µl standard loop on Antifungal Activity ofArtemisinin and Its Derivatives
the surface of agar. The inoculum spots were allowed to against Phytopathogenic Fungi: The antifungal activity
dry before inverting the plates for incubation at 37°C for ofthe  four   sesquiterpenes   against four plant
24 h. The MIC was determined as lowest concentration of pathogenic fungi, Aspergillusflavus, Alternariasolani,
sesquiterpene showing no visible bacterial growth in the Rhizoctoniasolani  and  Fusariumoxysporum  is  shown
agar plates. in Table 1. The sesquiterpenes showed different levels of

Seed Germination and Seedling Growth Tests: Dihydroartemisinin (2) found to be the most active
Phytotoxic effects of the tested sesquiterpenes were compound against A. flavus, A. solani and F. oxysporum
evaluated on canary grassgermination and subsequent followed by artemisinin (1). On contrast, artemisinin (1)
seedling growth. The tested sesquiterpenes were was more  effective  than  dihydroartemisinin  (2) against
dissolved in dimethyl sulfoxide (DMSO) followed by R. solani.Artemether (3) and artesunate (3) were less
dilution with distilled water to obtain a stock solution of effective antifungal compounds against the four tested
100 µM. The concentration of DMSO in this solution was fungi.Nevertheless, artemether (3) was more effective than
0.5% v/v. Then a series of concentrations (1, 5, 10 and 50 artesunate (4) against the tested fungi. The results
µM) were prepared by dilution with distilled water. An indicate that although, A. flavuswas the most sensitive
aqueous solution of DMSO (0.5% v/v) was used as fungus towards artemisinin (1), dihydroartemisinin (2) and
control treatment. Three replicates, each of 20 seeds, were artemether (3), it was the most tolerant one to artesunate.
prepared for each treatment using glass Petri dishes (9 cm) The overall antifungal effect of the tested compounds
lined with Whatman No. 2 filter paper. Six milliliters of was moderate or weak against the tested fungi, same
each test solution were added to each Petri dish. conclusion was drawn by Galal et al. [28] when tested
Afterward, Petri dishes were placed in the bottom of 0.1 artemisinin (1) and related derivatives against Candida
mm thick polyethylene bags (15×30 cm) that were albicans and Cryptoccocusneoformans. Meanwhile,
expanded to contain air and then closed at the top with seems having a free hydroxyl group in the molecule as in
rubber bands to prevent the loss of moisture. The Petri dihydroaremisinin (3) favorable for enhancement of the
dishes were kept on a germination cabinet at 20±1 °C with antifungal activity, compared to the presence of carbonyl
12 h photoperiod, 3.3 µmolm  s . After 11 days of or ether and ester moieties as in the parent compound or2 1

sowing, germination and root and shoot lengths were in artemether and artesunate, respectively. The low effect
determined. The growth inhibition percentages of root of artesunate may be due to its high hydrophilicity
and shoot lengths were calculated from the following compared to other tested compounds. 
equation: I (%) = [1-T/C] ×100; T is the length of treatment
(cm) and C is the length of control (cm). The Antibacterial Activity ofArtemisinin and Its Derivatives
concentrations   causing   50%   inhibition   (EC s) of against  Phytopathogenic  Bacteria:   The   results in50

root and shoot growth were calculated from a probit Table 2  represent  the  inhibitory  effect  of  the  four
analysis [26]. tested  sesquiterpenes    against     two    phytopathogenic

50

50

were considered to be significantly different, if the 95%

antifungal activity against the tested fungi.
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Table 1: In vitro antifungal activity ofartemisinin and artemisinin derivativesagainstplant pathogenic fungi using mycelial growth inhibition method

95% confidence limits (mg/l)
--------------------------------------

Compound EC  (mg/l) Lower Upper Slope ± SE Intercept ± SE ( )50
a b c 2 d

Aspergillusflavus
Artemisinin 188.5 54.4 290.4 1.34±0.37 -3.04±0.98 0.001
Dihydroartemisinin 151.8 23.7 259.2 1.21±0.36 -2.64±0.99 0.09
Artemether 548.4 451.2 651.6 1.99±0.35 -5.45±0.64 0.008
Artesunate 1206.0 1015.5 1480.8 1.99±0.31 -6.14±0.96 0.012

Rhizoctoniasolani
Artemisinin 238.9 88.8 344.7 1.32±0.35 -3.14±0.96 0.14
Dihydroartemisinin 309.0 159.9 412.9 1.40±0.34 -3.48±0.95 0.41
Artemether 700.2 403.5 1265.7 0.77±0.26 -2.18±0.73 0.00
Artesunate 727.09 584.3 916.7 1.60±0.29 -4.58±0.76 0.03

Alternariasolani
Artemisinin 442.8 210.0 615.0 1.01±0.33 -2.67±0.93 1.03
Dihydroartemisinin 370.3 224.5 476.9 1.43±0.34 -3.67±0.94 0.12
Artemether 569.5 447.4 710.2 1.60±0.34 -4.41±0.95 0.03
Artesunate 642.7 549.1 759.9 2.22±0.36 -6.24±0.99 0.005

Fusariumoxysporium
Artemisinin 410.0 260.2 524.7 1.39±0.35 -3.63±0.94 0.35
Dihydroartemisinin 400.2 250.0 513.3 1.39±0.34 -3.61±0.94 1.74
Artemether 551.8 410.6 660.2 2.26±0.40 -6.21±1.16 0.70
Artesunate 565.8 410.5 683.1 2.08±0.39 -5.73±1.15 0.95

The concentration causing 50% mycelialgrowth inhibition. a

Slope of the concentration-inhibition regression line ± standard error.b

Intercept of the regression line ± standard error.c

Chi square value.d

Table 2: Minimum inhibitory concentration (MIC) of artemisinin and artemisinin derivatives on Agrobacterium tumefaciens and Erwiniacarotovoravar.
carotovora

Minimum inhibitory concentration (MIC, mg/l)
---------------------------------------------------------------

Compound E. carotovoravar. carotovora A. tumefaciens

Artemisinin 4000 2000
Dihydroartemisinin 5000 4000
Artemether 6000 5000
Artesunate 7000 4000

Table 3: Effect of artemisinin and its analogues on Phalariscanarensis germination 11 d after sowinga

Germination %
------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Conc. (µM) Artemisinin (1) Dihydroartemisinin (2) Artemether (3) Artesunate (4)

0 83.3 ± 3.34a 83.3 ± 0.334a 83.3 ± 0.334a 83.3 ± 0.334ab

1 56.7 ± 6.67b 60 ± 0.0b 56.7 ± 6.67b 66.7 ± 6.67b
5 46.7 ± 6.67bc 50 ± 5.78b 30 ± 5.78c 56.7 ±3.34bc
10 40 ± 5.78bc 26.7 ± 3.34c 6.7 ± 3.34d 43.3 ± 3.34c
50 30 ± 0.0c 6.7 ± 3.34d 0.0 ± 0.0d 16.7 ± 3.34d
100 0.0 ± 0.0d 0.0 ± 0.0d 0.0 ± 0.0d 6.7 ± 3.34d

 Data are expressed as means ±SE from experiments with three replicates of 20 seeds each.a

 Means within a column sharing the same letter are not significantly different at the 0.05 probability level.b
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Table 4: Effect of artemisinin and its analogues on Phalariscanarensis root growth 11 d after sowinga

Artemisinin (1) Dihydroartemisinin (2) Artemether (3) Artesunate (4)
--------------------------------------- ------------------------------------ ------------------------------------ ----------------------------------

Conc (µM) Root length (cm) I (%) Root length (cm) I (%) Root length (cm) I (%) Root length (cm) I (%)b

0 5.33 ± 0.27a 0.0 5.33 ± 0.27a 0.0 5.33± 0.27a 0.0 5.33 ± 0.27a 0.0c

1 4.17 ± 0.2b 21.8 4.27 ± 0.32b 19.9 1.87± 0.18b 65 2.47± 0.15b 53.7
5 1.4 ± 0.12c 73.7 2.37 ± 0.29c 55.5 0.3± 0.06c 94 0.53± 0.09c 90.1
10 0.53 ± 0.09d 90.1 0.33 ± 0.09d 93.8 0.13±0.07c 97.6 0.33± 0.033c 93.8
50 0.07 ± 0.03d 98.7 0.17 ± 0.09d 96.8 0.0 ± 0.0c 100 0.17± 0.33c 96.8
100 0.0 ± 0.0d 100 0.0 ± 0.0d 100 0.0 ± 0.0c 100 0.0 ± 0.0c 100

EC (µM) 2.41 2.97 0.58 0.6950
d

 Data are expressed as means ± SE from experiments with three replicates of 20 seeds each.a

 I = inhibition.b

 Means within a column sharing the same letter are not significantly different at the 0.05 probability level.c

 EC  = concentration of compound causing 50% root growth inhibition.d
50

Table 5: Effect of artemisinin and its analogues on Phalariscanarensis shoot growth11d after sowinga

Artemisinin (1) Dihydroartemisinin (2) Artemether (3) Artesunate (4)
--------------------------------------- ------------------------------------ ------------------------------------ ---------------------------------

Conc (µM) Shoot length (cm) I (%) Shoot length (cm) I (%) Shoot length (cm) I (%) Shoot length (cm) I (%)b

0 8± 0.12a 0.0 8± 0.12a 0.0 8± 0.12a 0.0 8± 0.12a 0.0c

1 7.9± 0.12a 1.3 7.93± 0.3a 0.9 7.1± 0.18b 11.6 7.87± 0.03a 1.6
5 6.4± 0.27b 20 6.77± 0.39b 15.4 5.1± 0.21c 36.3 7.0± 0.15b 12.1
10 5.1± 0.21c 36.3 3.93± 0.3c 50.9 0.83± 0.42d 89.6 6.13± 0.29c 23.4
50 3.53± 0.24d 55.9 0.43± 0.43 94.6 0.0 ± 0.0e 100 4.9± 0.29d 38.8
100 0.0 ± 0.0e 100 0.0 ± 0.0d  100 0.0 ± 0.0e 100 0.63± 0.32e 92.1

EC (µM) 19.06 10.74 4.42 26.5550
d

 Data are expressed as means ± SE from experiments with three replicates of 20 seeds each.a

 I = inhibition.b

 Means within a column sharing the same letter are not significantly different at the 0.05 probability level.c

 EC  = concentration of compound causing 50% root growth inhibition.d
50

bacterial strains, Agrobacterium tumefaciensand concentration dependant. Artemether (3) was the most
Erwiniacarotovoravar. carotovora. The results clearly effective causing 100% inhibition of seed germination at
reflect that  artemisinin  (1) was  the  most  effective concentration of 50 µM, followed by artemisinin (1)
against the  two bacterial strains followed by anddihydroartemisinin (2), where 100% inhibition of seed
dihydroartemisinin  (2).  Artesunate  (4)  had  an  equal germination was achieved at a concentration of 100 µM
effect to dihydroartemisinin (2) againstA. tumefaciens, for both compounds. It was obvious that the effect of
whichwas more sensitivetoward the tested compounds. artemether (3)at low concentrations was superior when
From the obtained results, it can be concluded that compared to other tested compounds. On increasing
keeping the parent structure intact without any concentrations, dihydroartemisinin (2) showed significant
substitutions is essential for better activity.These results effect more than that observed withartemisinin (1), which
are in agreement with those of Dhingra et al. [29], where showed moderate or none significant effect on increasing
they reported that artemisinin (1) and its biogenetic concentration from 1 to 50 µM.
precursors,artemisinic acid and arteannuin B were active
against different bacteria and fungi. Effect of Artemisinin and Its Derivatives on Root Growth:

Effect of Artemisinin and Its Derivatives on Seed compounds on the root length of P.canariensis.
Germination: The effect of artemisinin (1) and its semi- Artemether (3) found to be the most effective on root
synthetic derivatives on the seed  germination  of  the length inhibition, followed by artesunate (4) with
canary  grass (Phalariscanariensis)  is  presented in EC values of 0.58 and 0.69 µM, respectively. Artemether
Table 3. The effect of the four compounds was (3) and artesunate (4) showed similar pattern of

Data summarized in Table 4 reflect the effect of the tested

50
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significance on increasing concentrations, where, 3. Heap,     I.M.,     1997.     The     Occurrence of
significant effect was noted on increasing concentrations
from 1 to 5 µM, while no significance was found on
increasing concentrations from 5 to 100 µM. Artemisinin
(1) showed more effect on root length than
dihydroartemisinin (2), although both compounds where
less effective than artesunate (4). 

Effect of Artemisinin and Its Derivatives on Shoot
Growth: The inhibitory effect of artemisinin (1) and its
derivatives on shoot growth is given in Table 5. The
results indicate that the inhibitory effect pattern on shoot
growth found to be similar to that observed on seed
germination. As it was noted that artemether (3) was the
most effective with EC value of 4.42 µM, followed by50

dihydroartemisinin (2) then artemisinin (1) and at last
artesunate (4) with EC values of 10.74, 19.06 and 26.5550

µM, respectively. 
Generally, our results are in accordance with that

reported earlier, where, the phytotoxic effect of artemisinin
(1) was observed by several researchers.Itwas reported
that, although, artemisinin and its structural analogues
inhibited seed germination, root and shoot growth, the
major effect was on the root growth, which maybe due to
the effect on cell division [30-33]. Meanwhile, our results
revealed the importance of the methyl ether moiety to
exert the high phytotoxic effect found with artemether(3)
compared to its lead molecules artemisinin (1) and
dihydroartemisinin (2).This is in conformity with results
obtained with arteether, the ethyl ether analogue of
artemetherthat was found to be more effective than
artemisinin, dihydroartemisinin, artemisinic acid,
arteannuin Band other analogous sesquiterpenes[32-34].

Our results support the need for further
investigations on artemisinin and structurally analogue
molecules, to unleash their mode of action, where it can be
used as leads in the development of new potent,
environmentally safer pesticides with new sites of action.
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