
Pure artemisinin and a commercial hydroalcoholic extract obtained from A. annua dried
leaves have been tested on canine osteosarcoma cell line (D-17) with the aim to
evaluate their cytotoxicity and anti-proliferative effects. The last aim was to optimize an
analytical protocol for the determination of intracellular iron in D-17 cells.
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• Artemisia annua L. is a medical herb that has been used for 
centuries in Chinese Traditional Medicine.

• A. annua contains the sesquiterpene lactone artemisinin, which
has been found to be particularly active against malaria.

• Recently, several researches have been focused on the possibility of 
using extracts of this plant in anticancer treatments. 

In veterinary medicine, canine osteosarcoma represents a highly aggressive tumor that 
often leads to therapeutic failure due to lung metastasis and development of chemo-
resistance, highlighting the urgent need of novel therapies.
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Artemisinin and hydroalcoholic extract exerted cytotoxic effect in a 
dose-dependent manner. 

Pure artemisinin caused an increase of cells in S phase, while hydroalcoholic
extract induced an evident block in G2/M.

IC50 = 65 μM IC50 = 547 μM

Control Hydroalcoholic extract Artemisinin

Control Hydroalcoholic extract Artemisinin

D-17 canine osteosarcoma  cell line 

Fe

ng/million D-17 cells

Control 45±6
Hydroalcoholic extract 32,3±3,2
Artemisinin 34,9±5,1

A decrease of iron concentration in D-17 cells treated with pure artemisinin and 
hydroalcoholic extract compared to untreated cells was measured.
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MTT Assay
to obtain

IC50
Hydroalcoholic extract Pure Artemisinin

or

D-17 canine 
osteosarcoma  cell line 

Atomic Absorption Spectrometry 
for iron analysis

Cell Cycle Analysis 
by flow cytometry

Treatment for 24 h

CONCLUSION
Though preliminary, these data indicated that hydroalcoholic extract showed, in vitro, much more potent cytotoxic activity than artemisinin, supporting the synergistic effect of the 

phytocomplex. Better characterization of the phytoextract, especially regarding the accurate quantification of artemisinin  and other active compounds are in progress.

Spirulina maxima

green-blue microalgae, 
belonging to Cianobacterya

important source of 
proteins, essential

elements, vitamins and 
antioxidant

Ascophyllum nodosum

brown algae (Pheophyta) 
of the Fucaceae family

utilyzed in veterinary
medicine to reduce 
plaque and halitosis

Gracilaria spp.

red algae (Rhodophyta)

notable for its economic
importance as
an agarophyte

Ulva spp.

green macroalgae
(Chlorophyta) of the 

Ulvaceae family 

Used in cosmetic
treatments and 
thalassotherapy

AIM
The aim of this preliminary research was to analyse trace metal concentrations and 
to isolate metalloproteins in samples from different micro (e.g. Spirulina spp.) and 

macroalgae belonging to the divisions Rhodophyta, Pheophyta and Chlorophyta. 
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S Protein separation

Analytical
methods

AAS and ICP-MS
for trace element analysis

Uv Spectrometry
for protein quantification at 280 nm

Gel-filtration chromatography
(Sephadex G75)

Chromatographic fractionsHomogenization and 
centrifugation

in Tris HCl 20 mM, pH 8

Protein extraction

Different photosynthetic pigments occur among the algae: chlorophylls, 
carotenoids and phycobilins. In Spirulina, the phycocyanin peak is

overlapping with the peak of high molecular weight proteins. 

Profiles of total proteins and other uv-absorbing
molecules after gel filtration chromatography on 

Sephadex G-75

These preliminary data showed great variability in the chemical composition in micro and macro algae, especially regarding trace metals and proteins. In particular, Spirulina contained high 
concentrations of trace metals and proteins. However, toxic traces metals, e. g. Pb, Cd and As, have been found in the algae examined. Given the growing interest in algae, further studies are needed 

to deepen the knowledge regarding their bioavailability, thus allowing a targeted use in the field of nutrition.
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CONCLUSION

Metals
Spirulina 
Maxima

Ascophyllum
nodosum

Gracilaria 
spp

Ulva spp

Fe 517,936 423,459 3415,8 1168,3

Zn 16,822 23,175 20,41 8,565

Mn 21,664 19,923 5479,3 68,043

Cu 0,654 1,767 6,404 3,843

Al 21,16 67,289 1459,1 436,011

As 0,559 31,003 10,195 4,564

Cd 0,013 0,343 0,118 0,094

Pb 0,13 0,205 5,611 2,017

Hg nd 0,031 0,025 0,007

Metal concentrations expressed as mg/Kg dry weight.

Toxic trace elementsEssential trace elements
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Trace metals profiles after gel filtration
chromatography on Sephadex G-75
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Photosynthetic pigments of fractions obtained from Spirulina
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Proteins in chromatographic fractions

Spirulina maxima Ascophyllum nodosum Gracilaria spp. Ulva spp.
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