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The current need for the 
developing countries to 

rely more on their 
natural environmental 

resources has prompted 
many communities to 
exploit autochthonous 
local medicinal plant 
species or species 

compatible with the local 
climatic and geological-

cultural conditions.
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One example is Artemisia annua L. 
(QINGHAO) (Asteraceae ), an 
annual herbaceous plant with a life 

cycle of six months.

• The main commercial sources of 
artemisinin are field-grown plants. 

• Their relatively low content is the main 
limiting factor.

• On the other hand, the chemical 
synthesis of artemisinin is very difficult,
due to its complex structure.



Artemisia annua cv. Artemis
(Mediplant, CH)

Therefore, more efforts are needed 
in order to enhance the production of 
artemisinin both by traditional 
breeding and by biotechnology.

In particular, hybrid with a higher 
content of the secondary metabolite 
artemisinin of:

1)the A. annua cv. Artemis (F1,F2)
2)the A. annua from Campinas 
(Brazil)
3 )   the A. annua cv. Anamed (A3);

the  last one has been distributed in 
these areas by the NGO Action for 
Natural Medicine*

* www.anamed.org; online access: 2010



Field from 
NGO - FIMAC

Kjenzi  Center
(Burundi)



BURUNDI  Bubanza Hospital – NGO FIMAC



Micropropagation

The aim of this work is:
1) the in vitro micropropagation  of 
A.    annua cv. Anamed (A3); 
2) the evaluation of  artemisinin  
content stability in regenerated 
plants. 

Using  already available protocols 
for in vitro multiplication of wild type 
Artemisia annua L. [*] we 
successfully micro propagated the 
(A3) cultivar, starting from leaf 
explants and obtaining best results 
on media containing high cytokinin 
(BAP) concentration  (b).

BAP = 6 Benzylaminopurine  (cytokinin hormone)
NAA = Naphthylacetic acid (auxin hormone)
MS = Murashige  and Skoog

[*] Pace L. et al. (2008) X National 

Biotechnology    Congress, Perugia, Italy 

 

Basal 
Medium 

NAA 

(mg/L) 
BAP 

(mg/L) 
Response after 

 5 weeks 

0,50 0,05 Multiple shoots (a) 

0,05 0,50 Dominant shoots (b) 

0,05 2,00 Dominant shoots (b) 
MS0 

0,10 2,00 Dominant shoots (b) 
 



Regeneration from 
leaf explants on low
cytokinin containing 
medium 

Regeneration from 
leaf explants on 
high cytokinin 
containing medium
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0 shoots

more than 3 
shoots

1 - 3 shoots

0  shoots

10 - 13 shoots

more than 
13 shoots

60 %

10 %

70 %

Cytokinin hormone: benzylaminopurine  (BPA)



Artemisia  annua Anamed (A3): in vitro culture 



Regenerated plants of A. annua  cv. Anamed (A3)  were grown first in 
hydroponics culture  than  in the field. 

The entire regeneration process  required 6 months.



ITALY (AQ) (2008) Regenerated plant of A. annua  cv. Anamed (A3) 



Characterization 

Density of trichomes in the surface of leavesDensity of trichomes in the surface of leaves

The subcuticular space in

These  structures is filled with

terpenoids. 

Pace L. et al . (2009) 53°Annual Congress of

Italian Soc. Genetic Agriculture, Torino, Italy .

Trichomes / mm2

A. annua Anamed(A3)

MEDIA 14,6

STANDARD 
DEV.

� 1,1

Trichomes/ mm2

A. annuaL.

MEDIA 6,6

STANDARD 
DEV. 

� 1,1



Sessile (A) and pedunculated (B) trichomes of 
Artemisia annua L.

Results obtained from both fresh and  dried

samples, gathered at the flowering  stage, 

indicate that the density of sessile (A)  and 

pedunculated (B)  trichomes significantly

higher in the leaf surface of the Anamed (A3)

plants - two times as much compared with 

wild type-.

However, this difference is not maintained in

the floral capsules where only pedunculated

trichomes were observed.

A

B



Comparison of the volatile compounds of the two gen otypes 
obtained by head space solid phase microextraction (HS-SPME) coupled with gas-chromatography mass 

spectrometry.
((Pace L. Pace L. et alet al. (2009) 53. (2009) 53°° Annual Congress of Italian Soc. Genetic Agriculture, Torino, ItAnnual Congress of Italian Soc. Genetic Agriculture, Torino, It aly)aly)

Artemisia Ketone
Artemisia annua L. 

Artemisia annua cv. Anamed (A3)



Artemisinin determination

a)
Chromatographic 
Electrospray Mass 
Spectrometry (ESI-MS)
profile of leaf extracts 
from Artemisia annua 
cv. Anamed  (A3) from
Burundi. 

b)
artemisinin ESI mass
spectrum.

(Reale et al. Nat. Prod. Res., 2008)



Artemisin content in Artemisia annua cv. Anamed (A3)

Extraction by chloroform

Plant    in nature Regenerated plant

Leaves 
% (w /fresh w)

Leaves 
% (w / dry w)

(2 weeks)

Leaves 
% (w / dry w) 

(1year )

Leaves 
% (w / dry w)

(2 months)

0.3-0.4 1.4-1.5 1.1–1.3 0.6 -0.8

Extraction by  infusion

Leaves
% (w / dry w)

(1year)

1.0 -1.1 



RESULTS

• Using the HPLC-ESI-MS method  on chloroform extracts or 

infusions (“tea”) we rapidly  extracted and quantified the 

antimalarial compound artemisinin from dried and fresh 

leaves of A. annua cv. Anamed A (3).

• This cultivar contains the active compound artemisinin ten 

times more than in respect to dried wild plants ( > 0.1 %)*

*Paniego, N.B. et al. Biotechnology in Agriculture & Forestry,1993.



The infusion of dried leaves yielded almost the 

entire amount (85 %) of active principle. 

Infusion is therefore the simplest method for local 

communities who wish to extract the antimalarial  

compound from their cultivated A. annua plants.

5% Tea 
infusion


