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Abstract:

Background: In addition to recognized antimalarial effects, Artemisia annua L. (Qinghao) possesses anticancer properties. The un-

derlying mechanisms of this activity are unknown. The aim of our experiments was to investigate the effects of distinct types of com-

pounds isolated from A. annua on the immune-activated production of major mediators of angiogenesis playing a crucial role in

growth of tumors and formation of metastasis.

Methods: Included in the study were the sesquiterpene lactones artemisinin and its biogenetic precursors arteannuin B and artemis-

inic acid. The semi-synthetic analogue dihydroartemisinin was used for comparative purposes. The flavonoids were represented by

casticin and chrysosplenol D, the coumarin type of compounds by 4-methylesculetin. Their effects on the lipopolysaccharide

(LPS)-induced in vitro production of nitric oxide (NO) were analyzed in rat peritoneal cells using Griess reagent. The LPS-activated

production of prostaglandin E2 (PGE2) and cytokines (VEGF, IL-1b, IL-6 and TNF-a) was determined in both rat peritoneal cells

and human peripheral blood mononuclear cells using ELISA.

Results: All sesquiterpenes (artemisinin, dihydroartemisinin, artemisinic acid, arteannuin B) significantly reduced production

of PGE2. Arteannuin B also inhibited production of NO and secretion of cytokines. All NO, PGE2 and cytokines were suppressed by

flavonoids casticin and chrysosplenol D. The coumarin derivative, 4-methylesculetin, was ineffective to change the production

of any of these factors.

Conclusions: The inhibition of immune mediators of angiogenesis by sesquiterpene lactones and flavonoids may be one of

the mechanisms of anticancer activity of Artemisia annua L.
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Introduction

Artemisia annua L. (Qinghao), a medicinal plant of

the traditional Chinese medicine, is a recognized
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source of artemisinin (Qinghaosu) which is broadly

used in the treatment of malaria [13]. Artemisinin and

its semi-synthetic derivatives have also been found

effective against growth of a plethora of tumors

including leukemia, prostate, breast, lung, colon and

pancreatic cancer, pituitary macroadenoma, and uveal

melanoma [3, 6, 13, 17, 26, 39]. It has been well

established that the essential role in many pathologi-

cal events including growth of tumors and formation

of metastasis is played by angiogenesis [10, 40]. It is

under the control of many factors such as cytokines,

e.g., vascular endothelial growth factor (VEGF) [38,

56] and nitric oxide (NO).

The anticancer effects of A. annua have been sug-

gested to depend at least in part on the anti-angiogenic

mode of action [51]. Except of VEGF which is sup-

pressed by artemisinin derivatives [20, 49, 55], data

on possible effects of these and other secondary me-

tabolites isolated from A. annua on production of

other pro-angiogenic factors have been missing.

The aim of this study was to analyze the effects of

Artemisia-derived compounds on the in vitro produc-

tion of major angiogenic factors such as NO, PGE2
and cytokines VEGF, IL-1b, IL-6 and TNF-a. In-

cluded in the study were sesquiterpene lactone artem-

isinin and its biogenetic precursors arteannuin B and

artemisinic acid [7, 9, 43]. The flavonoids were repre-

sented by casticin and chrysosplenol D, which have

been reported to reduce the proliferation and growth

of animal and human cancer cells and suggested as

promising anti-cancer agents [4, 16, 30, 36]. The cou-

marin family of compounds was represented by 4-me-

thylesculetin.

Materials and Methods

Animals and cell culture

Female Wistar rats, 8–10 weeks old, were purchased

from Velaz (Prague, Czech Republic). They were

maintained in transparent plastic cages in groups of

four, and housed in an Independent Environmental

Air Flow Animal Cabinet (ESI Flufrance, Wissous,

France) under controlled 12/12 h light/dark cycle

(lights on 6.00 a.m.), temperature (22 ± 2°C), and

relative humidity (50 ± 10%) conditions.

Animals, killed by cervical dislocation, were

intraperitoneally injected with 16 ml of sterile saline.

Peritoneal cells were washed, resuspended in com-

plete culture medium and seeded into 96-well round-

bottom microplates (Costar) in final 100-µl volumes,

2 × 106 cells/ml. Cultures were maintained at 37°C,

5% CO2 in humidified Heraeus incubator. The com-

plete RPMI-1640 culture medium contained 10%

heat-inactivated fetal bovine serum (FBS), 2 mM

L-glutamine, 50 µg/ml gentamicin, and 5 × 10�5 M

2-mercaptoethanol (all Sigma-Aldrich). All experi-

mental variants were run in duplicate.

The animal welfare and all experimental proce-

dures have been approved by the Institution Animal

Ethics Committee (no. 045/2010).

Isolation and culture of human peripheral blood

mononuclear cells (PBMC)

Normal PBMC, provided by the Institute of Clinical

and Experimental Medicine, Prague, were obtained

from healthy human volunteers. In accordance with

the Helsinki Convention (1964), informed consent

was obtained regarding blood collection for immuno-

logical examination. Peripheral blood was withdrawn

from a forearm vein. PBMC were separated from the

buffy coat by Ficoll-Paque (Amersham Biosciences)

gradient centrifugation and then washed three times in

RPMI-1640 medium supplemented with 10% (v/v)

heat inactivated FBS. They were cultured at a final

density of 1.5 × 106 cells/ml in complete RPMI-1640

(100 µl per well).

Compounds

Artemisinin, its biogenetic precursors (arteannuin B

and artemisinic acid), flavonoids casticin and chry-

sosplenol D, and a coumarin type compound 4-meth-

ylesculetin were isolated from Artemisia annua L.

The procedures were in part described previously

(54). Briefly, the air-dried leaves of A. annua were ex-

tracted with ethanol (100%) at room temperature.

After concentration in vacuum at 50°C, the residue

was fractionated with ethyl acetate (EtOAc). The

EtOAc-soluble fraction was subjected to column

chromatography on silica gel and eluted with petro-

leum ether, increasing the amounts of EtOAc up to

6 : 4 (petroleum ether : EtOAc, v/v). Thin layer chro-

matography (TLC) was used to obtain the fractions

from the column. Based on the results of TLC, the
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fractions were separately combined and purified by

recrystallization to afford artemisinin, artemisinic

acid, arteannuin B, casticin, chrysosplenol D and

4-methylesculetin. Structures were confirmed by UV,

NMR, and MS data. The semi-synthetic derivative

dihydroxyartemisinin was purchased from Chongqing

Holley Wuling Mountain Pharmaceutical Co. (Batch

No 20100304, Quality Standard: Chinese Pharmaco-

poeia 2005). Stock solutions (200 mM) of the com-

pounds were prepared in DMSO and kept at –25°C

until use.

NO production

The in vitro effects of compounds on NO production

were investigated in rat peritoneal cells. The

compounds were applied simultaneously with the

NO-activating stimulus, i.e., LPS (Escherichia coli

0111:B4, Sigma; 1 ng/ml). The nitrite concentration

in cell supernatants, taken as a measure of NO pro-

duction [31], was determined at the interval of 24 h. It

was detected in individual cell-free samples (50 µl)

incubated 5 min at ambient temperature with an ali-

quot of the Griess reagent (1% sulfanilamide/0.1%

naphthylethylenediamine/2.5% H3PO4). The absor-

bance at 540 nm was recorded using a microplate

spectrophotometer (Tecan, Austria). A nitrite calibra-

tion curve was used to convert absorbance to µM

nitrite.

Cytokine and PGE
2

production

Secretion of cytokines IL-1b, IL-6 and TNF-a by rat

peritoneal cells was induced by LPS (1 ng/ml). Secre-

tion of VEGF was activated by LPS (10 ng/ml) plus

rat recombinant IFN-g (5 ng/ml). Production of cyto-

kines by human PBMC was stimulated by LPS

(1 µg/ml).

Production of PGE2 by rat peritoneal cells and

human PBMC was activated by LPS (5 and 1 µg/ml,

respectively).

The compounds were applied simultaneously with

the immune stimuli.

Concentration of cytokines and PGE2 in super-

natants of rat and human cells was determined at the

interval of 24 h of culture using ELISA (R&D Sys-

tems, Minneapolis, MN, USA).

Great interindividual variation of constitutive and

LPS-activated PGE2 and cytokine production by hu-

man PBMC was observed. Therefore, the effects of

compounds were expressed as a percent change re-

lated to the effect of LPS. The response to LPS was

taken as 100%. The inhibitory effects of compounds

were estimated according to the formula:

{[(X – control) – (LPS – control)]/(LPS – control)} × 100

where X is the value of a compound effect.

Expression of iNOS mRNA and COX-2 mRNA

Semi-quantitative reverse transcriptase-polymerase

chain reaction was used to analyze expression of

genes iNOS, COX-2, and as an internal control gene

GAPDH. Total RNA was isolated from 4 × 106 cells

per sample using the RNeasy mini kit and RNAse free

DNAse I set (Qiagen, Hilden, Germany). RNA and its

purity were quantified spectrophotometrically by

measuring the optical density at 260 and 280 nm (Bio-

Photometer, Eppendorf AG, Hamburg, Germany).

Reverse transcription catalyzed by Moloney murine

leukemia virus reverse transcriptase in the presence of

RNAse inhibitor was used to prepare cDNA. PCR of

iNOS gene was performed with synthesized primers

from Metabion (Martinsried, Germany); F: 5-ACA-

ACAGGAACCTACCAGCTCA-3; R: 5-GATGTT-

GTAGCGCTGTGTGTCA-3 (651 bp, annealing tem-

perature: 61°C). Primers for rat COX-2 were obtained

from Sigma (Prague, Czech Republic); F: 5-ACA-

CTCTATCACTGGCATCC-3; R: 5-GAAGGGACA-

CCCTTTCACAT-3 (584 bp, annealing temperature:

59°C). All other chemicals used in the PCR protocol

were obtained from Top-Bio (Prague, Czech Repub-

lic). The polymerase chain reaction products were

identified by electrophoresis on agarose gel (1.5%)

containing ethidium bromide and photographed under

UV light.

Cell viability

Viability of cells was determined using a colorimetric

assay based on cleavage of the tetrazolium salt WST-1

by mitochondrial dehydrogenases in viable cells

(Roche Diagnostics, Mannheim, Germany). The cells

(1 × 106/ml) were cultured as described above. After

the 24-h culture, the WST-1 was added and the cells

were kept in the Heraeus incubator at 37°C for addi-

tional 3 h. Optical density at 450/690 nm was

recorded.
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Statistical analysis

Analysis of variance (ANOVA) with subsequent Dun-

nett or Bonferroni multiple comparison tests, and

graphical presentation of data were done using the

Prism program (GraphPad Software, San Diego, CA).

Results

Effects of compounds on NO production by rat

cells

While the constitutive production of NO by rat perito-

neal cells was negligible, it was substantially en-

hanced in the presence of LPS. Supernatant concen-

trations of nitrites reached the value of approximately

70 µM at the interval of 24 h of culture (Fig. 1). The

NO formation remained uninfluenced by artemisinic

acid and 4-methylesculetin. Artemisinin and dihy-

droartemisinin had only marginal, statistically not sig-

nificant effect at the highest concentration (100 µM)

used [F (7, 15) = 2.10, p = 0.15; and F (7, 15) = 1.48,

p = 0.30, respectively]. Arteannuin B completely

abolished formation of NO at the 20 µM concentra-

tion. Flavonoids casticin and chrysosplenol D signifi-

cantly decreased production of NO (p < 0.01) at the

10 µM concentration.

The IC50 estimates (Tab. 1) ranged within the inter-

val of 7–22 µM.

The flavonoids casticin and chrysosplenol D inhib-

ited the expression of the LPS-activated iNOS mRNA

(Fig. 2). Dihydroxyartemisinin which did not inhibit

production of NO had no influence on the iNOS

mRNA transcription.
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Tab. 1. Effectiveness of compounds to inhibit the immune-induced production of NO, PGE2 and cytokines in rat peritoneal cells. The data are
IC50s (µM) with 95% limits of confidence in parentheses

NO PGE2 IL-1b IL-6 TNF-a VEGF

Artemisinin > 100 37.59

(33.22 – 42.53)

> 100 > 100 > 100 > 100

Dihydroartemisinin > 100 31.94

(15.40 – 66.26)

> 100 > 100 > 100 > 100

Arteannuin B 7.04

(4.18 – 1.87)

4.45

(1.39 – 14.27)

1.06

(0.61 – 1.85)

1.53

(0.77 – 3.04)

4.41

(2.89 – 6.73)

1.21

(0.69 – 2.12)

Artemisinic acid > 100 24.30

(19.35 – 30.51)

> 100 > 100 > 100 > 100

Casticin 21.10

(16.65 – 6.73)

3.16

(2.01 – 4.99)

6.94

(5.38 – 8.94)

8.69

(5.66 – 13.35)

14.95

(9.67 – 13.13)

3.36

(2.52 – 5.40)

Chrysosplenol D 12.71

(9.70 – 16.66)

14.54

(4.81 – 43.97)

5.46

(2.79 – 10.70)

10.30

(4.76 – 22.27)

8.67

(4.48 – 16.80)

11.25

(7.71 – 16.41)

4-Methylesculetin > 100 > 100 > 100 > 100 > 100 > 100

Fig. 1. Effect of the compounds on in vitro production of NO by rat
(n = 6) peritoneal cells cultured 24 h in presence of LPS (1 ng/ml).
Concentration of nitrites in cell supernatants was determined by
Griess reagent. Each point is the mean ± SEM. The data are repre-
sentative of two identical experiments. The IC50 estimates are shown
in Table 1



Effects of compounds on PGE
2

production by

rat cells

Two identical experiments were done. Both constitu-

tive and the LPS-activated PGE2 production differed

between them. The concentration of PGE2 in super-

natants of control cells was 44.1 ± 18.0 and 114.9

± 54.7 pg/ml in experiments 1 and 2, respectively (the

means ± SEM). It increased up to 15.39 ± 0.29 and

18.09 ± 1.50 ng/ml, respectively, upon the exposure

of the cells to LPS (5 µg/ml). The effects of com-

pounds were therefore evaluated as percent changes.

Except 4-methylesculetin, the compounds dose-

dependently suppressed production of PGE2 (Fig. 3).

Arteannuin B and casticin reduced PGE2 by about

50% at concentration of 4 µM (p < 0.05). The onset of

significant inhibitory effects of artemisinin, dihy-

droartemisinin, artemisinic acid (p 0.05) and chry-

sosplenol D (p < 0.001) was observed with concentra-

tion of 20 µM. No significant difference between the

effects of artemisinin and dihydroartemisinin was

found [F (1, 18) = 0.80, p = 0.38]. The difference be-

tween the effects of arteannuin B and artemisinic acid

was statistically highly significant [F (1, 18) = 36.71,

p < 0.0001]. The IC50 estimates are shown in Table 1.

Artemisinin, dihydroartemisinin, casticin, chry-

sosplenol D did not change the expression of COX-2

mRNA expression in cells cultured in the presence of

LPS (5 µg/ml) for 4 h (Fig. 4) or 24 h (data not

shown).

Effects of compounds on cytokine secretion by

rat cells

The secretion of cytokines was dose-dependently in-

hibited by arteannuin B, and by flavonoids casticin

and chrysosplenol D (Fig. 5). Dihydroartemisinin, ar-

temisinic acid, and methylesculetin remained ineffec-

tive even at the highest dose used, i.e., 40 µM. The

IC50 estimates were within the range of 1–15 µM for

all cytokines (Tab. 1).

Effects of compounds on production of PGE
2

and cytokines by human PBMC

The constitutive production of PGE2 and the response

of PBMC to the PGE2-augmenting effect of LPS dif-

fered among individual donors (n = 4). The constitu-

tive values were 130, 64, 52, and 426 pg/ml in donors

I, II, III, and IV, respectively. They increased to

16,062, 8,069, 4,362, and 27,651 pg/ml (donors I, II,

III, and IV, respectively) after the LPS treatment.

Interindividual differences were also found in pro-

duction of cytokines. Concentrations of TNF-a in

control PBMC were 149, 89, 235, and 284 pg/ml in

414 Pharmacological Reports, 2013, 65, 410�420

Fig. 3. Effect of the compounds on in vitro production of PGE2 by rat
(n = 7) peritoneal cells cultured 24 h in the presence of LPS (5 µg/ml).
Concentration of PGE2 was determined by ELISA. Each point is the
mean ± SEM showing the average of two identical experiments. Be-
cause the concentration of PGE2 differed between them, the data
were transformed to percent values. The IC50 estimates are shown in
Table 1

LPS 1 ng/ml

+ compounds (20 µM)

Untreated

controls LPS

alone A B C

Fig. 2. Expression of iNOS mRNA in rat peritoneal cells cultured 2 h
in the presence of LPS (1 ng/ml) plus dihydroartemisinin (A), casticin
(B), and chrysosplenol D (C)

LPS 5 µg/ml

+ compounds (20 µM)

Untreated

controls LPS

alone A B C D

Fig. 4. Expression of COX-2 mRNA in rat peritoneal cells cultured 4 h
in the presence of LPS (5 µg/ml) plus dihydroartemisinin (A), casticin
(B), chrysosplenol D (C) and artemisinin (D)



donors I, II, III, and IV, respectively. Those in the

LPS-activated PBMC reached the values of 3,325,

3,138, 5,999, and 8,178 pg/ml in donors I, II, III, and

IV, respectively. The following constitutive and LPS-

augmented concentrations of IL-6 were observed in

PBMC from individual donors: 2,175 and 5,141

pg/ml (donor I), 1,663 and 4,376 pg/ml (donor II),

1,126 and 3,816 pg/ml (donor III), and 1,996 and

3,721 pg/ml (donor IV), respectively.

The effects of compounds, expressed as percent

changes, are shown in Figure 6. The highest concen-

tration (20 µM) of dihydroartemisinin suppressed sig-

nificantly production of PGE2 (p < 0.01), but it did not

affect the cytokine secretion. As low concentration of

artennuin B as 5 µM completely inhibited production

of PGE2 and reduced secretion of TNF-a and IL-6 by

approximately 50% at the same dose (p < 0.01). Fla-

vonoids casticin and chrysosplenol B inhibited dose-

dependently production of both PGE2 and cytokines,

the effect on PGE2 being more pronounced. While the

10 µM dose was sufficient to reduce significantly se-

cretion of TNF-a, higher concentration (20 µM) was

required to suppress IL-6 by about 30% (p < 0.01).

Cytotoxicity

Artemisinin, dihydroartemisinin, artemisinic acid, and

4-methylesculetin were devoid of any signs of cyto-

toxicity up to the highest (40 µM) concentration used

(Fig. 7). Flavonoids casticin and chrysosplenol D ap-

plied at 40 µM concentration suppressed the viability

of cells by approximately 70% (p < 0.01). Significant

suppressive effect of arteannuin B was exhibited with

the concentration of 10 µM (p < 0.01), and it was fur-

ther enhanced in dependence on increasing doses.
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Fig. 5. In vitro effect of test compounds on immune-activated secretion of cytokines by rat (n = 5) peritoneal cells. Production of IL-1b, IL-6 and
TNF-a was activated by LPS (1 ng/ml). VEGF secretion was activated by LPS (10 ng/ml) plus rat recombinant IFN-g (5 ng/ml). Cytokine concen-
trations were evaluated at the interval of 24 h of culture, using ELISA. Each point is the mean ± SEM. The data represent one of two identical ex-
periments. The IC50 estimates are shown in Table 1
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Fig. 6. Effect of test compounds on in
vitro production of PGE2 and cytokines
TNF-a and IL-6 by human PBMC
cultured 24 h in the presence of LPS
(1 µg/ml). Concentration of the ana-
lytes was determined by ELISA. Each
point is the mean ± SEM. The effects
have been confirmed in another identi-
cal experiment. ** p < 0.01



Discussion

Characteristic feature of Artemisia annua L. phyto-

chemistry is a large number of biologically active

chemical entities with prevailing occurrence of ses-

quiterpenoids, flavonoids, terpene allylic hydroperox-

ides and endoperoxides [9, 53]. Despite the crucial

importance of Artemisia in the development of anti-

malarials, only limited data are available on immuno-

biological properties of Artemisia metabolites includ-

ing artemisinin itself. With regard to the fact that the

plant possesses anticancer potential, we have explored

the effects of selected pure compounds isolated from

A. annua on major mediators of angiogenesis such as

NO [50, 57], PGE2 [12, 41] and cytokines [5, 28].

Several lines of evidence suggested the effects of

artemisinin and dihydroartemisinin on NO formation.

Artemisinin itself, applied at concentration of 4 µg/ml

inhibited moderately (by approximately 38%) the

LPS/IFN-g-activated production of NO in mouse

RAW 264.7 macrophage cell line. The same concen-

tration of artesunate, a semi-synthetic derivative of

artemisinin, was about twice-more effective [25].

Artemisinin (10 µM) was also found to inhibit the

NOS activity and NO production in human astrocy-

toma T67 cells activated by cytokines and LPS [2].

A novel artemisinin derivative SM905 (10 µM) de-

creased the iNOS mRNA expression and production

of NO in the LPS-stimulated murine macrophage

RAW 264.7 cell line [46]. In contrast, NO production

was greatly enhanced by artesunate in hepatoma cell

line HepG2 when applied at concentration of 50 µM,

but it was ineffective to alter NO formation at higher

doses [52].

Artemisinin and artesunate were found to attenuate

the release of TNF-a and IL-6 induced by CpG oli-

godeoxynucleotide, LPS, or Escherichia coli in

murine peritoneal macrophages and RAW 264.7

macrophage cell line [29, 45]. Artesunate also low-

ered the expression of VEGF in tumor cells [20].

Obviously, the present data are in variance with

these findings. We have found no substantial effect of

artemisinin and dihydroartemisinin on immune-

stimulated production of NO in rat peritoneal cells.

Neither the secretion of cytokines IL-1b, IL-6, TNF-a

and VEGF, produced by both rat cells and human

PBMC, was substantially influenced by these com-

pounds. The source of the discrepancy is unclear but

it cannot be excluded that it may result from different

responsiveness of distinct cell types.

Whereas not inhibiting NO and cytokines, both

artemisinin and dihydroartemisinin did inhibit pro-

duction of PGE2 in cells of both animal and human
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Fig. 7. Effect of test compounds on
viability of rat (n = 4) peritoneal cells.
The effects on mitochondrial respira-
tion were evaluated at the interval of
24 h of culture. Optical density (OD) of
untreated control cells (i.e., cultured in
the absence of any compound) was
taken as 100%. Triton was used to kill
all cells. The control OD value was
1.935. Each bar is the mean ± SEM.
The data are representative of two
identical experiments. ** p < 0.01



origin. The present findings are the first evidence

demonstrating the ability of these animalarials to in-

terfere with prostaglandin biosynthesis.

Immunobiological activities of sesquiterpene arte-

misinin precursors, arteannuin B and artemisinic acid

differed substantially. Similarly though more effec-

tively than artemisinin and dihydroartemisinin, both

arteannuin B and artemisinic acid suppressed produc-

tion of PGE2 (IC50s 4.45 and 24.30 µM, respectively).

However, only arteannuin B inhibited production of

NO and cytokines (IL-1b, IL-6, TNF-a, VEGF) with

the IC50s < 5 µM. Artemisinic acid was entirely inef-

fective. It cannot be excluded that the high inhibitory

effectiveness of arteannuin B might be partially influ-

enced by enhanced cytotoxicity. While the 10 µM

concentration virtually completely abolished produc-

tion of IL-6 and VEGF, the viability of cells decreased

by 40% at this dose. Immunosuppressive mode of ac-

tion of arteannuin B was exhibited in the cells of both

rat and human origin. It was especially effective in in-

hibiting the production of PGE2 in immune-activated

human PBMC.

4-Methylesculetin, a coumarin-type compound iso-

lated from A. annua, did not alter any of the parameters

investigated. Its reported effectiveness to reduce the

symptoms of experimental colitis in rats [48] thus seems

unlikely to depend on the interaction with the disease-

associated immune mechanisms. It should be mentioned

that many analogues of coumarin possess immuno-

modulatory properties. They are usually suppressive

[23, 32, 37] though esculetin (i.e., the 6,7-dihydroxy de-

rivative of coumarin) has been reported to augment pro-

duction of NO in LPS-treated macrophages [27].

Like many other flavonoids [18, 19, 24, 35], both

casticin and chrysosplenol D, included in the present

study, were found to be effective inhibitors of NO,

PGE2 and cytokine production. Casticin was slightly

less effective than chrysosplenol D in suppressing

NO, but it was 3-4-fold more effective in inhibiting

production of PGE2 (IC50s: 3.2 and 14.5 µM, respec-

tively) and VEGF (IC50s: 3.4 and 11.3 µM, respec-

tively). Their effectiveness to reduce secretion of cy-

tokines IL-1b, IL-6, and TNF-a was nearly identical,

the IC50s being approximately 10 µM. They both

potently inhibited PGE2 and less prominently though

statistically significantly the cytokine production also

in human PBMC. Importantly, neither of them exhib-

ited significant cytocidal effects up to the concentra-

tion of 20 µM. Importantly, casticin has also been

found to inhibit another angiogenic factor, transform-

ing growth factor-b1 (TGF-b) [14].

All sesquiterpenes encompassed in the study, in-

cluding artemisinin, inhibited production of PGE2 but

only arteannuin B inhibited NO and cytokines in addi-

tion. The most remarkable inhibitory potential was

possessed by flavonoids casticin and chrysosplenol D

that inhibited all these mediators. Most importantly,

they also suppressed secretion of VEGF which plays

a crucial role in physiologic and pathologic angio-

genesis [22] and thus has become the most important

target in anti-cancer therapy. Several small-molecular

weight compounds inhibiting the VEGF receptor sig-

naling have been developed and used in the treatment

of renal cell carcinoma, imatinib-resistant gastrointes-

tinal stromal tumors [15], non-small-cell lung carci-

noma, colon cancer [11], and malignant pleural meso-

thelioma [33]. VEGF has been shown to be upregu-

lated by NO [50] and PGE2 [8]. Whether or not the

angiogenic property of NO and PGE2 totally depends

on enhanced VEGF secretion is unclear, however. In

any case, PG inhibitors play a role in eradication and

prevention of tumors [1, 21, 47], and also inhibitors of

NO biosynthesis have been found to exhibit anti-

cancer effects [42, 44].

Our findings suggest that the immunomodulatory ef-

fects of flavonoids casticin and chrysosplenol D depend

on distinct modes of action. We have observed that while

the interaction with transcription events is the most plau-

sible explanation for reduced NO production, the inhibi-

tion of PGE2 depends obviously on post-transcriptional

mechanisms. The exact mechanism(s) remain unclear at

the present stage of experimental findings.

To summarize, the present study demonstrates that

several metabolites produced by A. annua are inhibi-

tors of major pro-angiogenic factors such as NO,

PGE2, and cytokines VEGF, IL-1b, IL-6 and TNF-a.

Noteworthy, A. annua derived flavonoids casticin and

chrysosplenol D are potent dual inhibitors of both NO

and PGE2. Angiogenesis, the development of new

capillaries, is associated with the development and

progression of many diseases, and it is a rate-limiting

step in tumor development [34]. The present data con-

tribute to the better understanding of plausible mecha-

nisms of anticancer effects of Artemisia annua L.
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