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ABSTRACT: Chemical components of the acetone and watery extract of Ambrosia 
artemisiifolia (LINNAEUS, 1753) plant, and the two identified lactones in the acetone 
extract: the ambrosin and dihydroambrosin, was tested for genotoxicity activities. 
 The genotoxicity of the extract was tested on the eukaryotic model system Dro-
sophila melanogaster using the sex-linked recessive lethal test (SLRL test). The re-
sults presented here illustrate that the two identified lactones, ambrosin and dihydro-
ambrosin from acetone extract and same chemical substance from watery extract indu-
ce recessive lethal mutations on X-chromosome of Drosophila melanogaster in II and 
III broods, based on which we can conclude that spermatides and spermatocytes repre-
sent a more sensitive stages of spermatogenesis. 
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INTRODUCTION 
 

The Ambrosia (Asteraceae) genus is classified as a part of the Heliantheae tribe. The 
Ambrosia artemisiifolia (L.) plant is an invasive allergenic plant that produces large 
amounts of pollen (WANG et al., 2006). 

Sesquiterpene lactones ambrosin, isabelin, psilostachyn (BLOSZYK et al., 1992; 
RUGUTT et al., 2001), cumanin and peruvin (PARKHOMENKO et al., 2005; DAVID et al., 
1999), triterpenoids of type α− and β-amyrine and derivatives of caffeic acid have all been 
identified in the Ambrosia artemisiifolia (L.) plant (WANG et al., 2006; TAMURA et al., 
2004). The allergenic factor of Ambrosia is in the pollen it contains (WAN et al., 2002; 
TAO & HE, 2005). Different ragweed proteins have been identified in pollen extracts, some 
of which have been found to possess enzymatic activities. At least 20 different enzymes 
have been identified in pollen extracts (BLANCHARD & GARDNER, 1976). 
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Investigations of the natural origin chemical agent genotoxicity effects have 
provided us with strong reasons for engaging in a more comprehensive research of this 
heterogeneous group of compounds. Same natural products showed genotoxicity in 
experiments with Drosophila melanogaster (WILLIAMS et al., 1980; MORGAN & 
HOFFMAN, 1983; SIMIĆ et al., 2000). Therefore, the objective of the present paper was to 
investigate the genetic effects of the pollen acetone and watery extract of the plant 
Ambrosia artemisiifolia (L.) on Drosophila melanogaster using the SLRL test. 
 
 

MATERIALS AND METHODS 
 

Ambrosia artemisiifolia (L.) plants were collected from the region of Kragujevac, in 
central Serbia, and the biomass was freeze-dried in the same day. A voucher specimen of 
the plant was deposited in the Herbarium of the Department of Biology at the Faculty of 
Science, University of Belgrade, Serbia (BEOU No: 16171). 

Pollen was broken into small pieces by using a cylindered crasher and pollen pieces 
(30g) were extracted with acetone using a Soxhlet apparatus and (30g) with water. The 
acetone extract of pollen was purified by thin layer chromatography on a MN-silica gel. 
The crude extract was analyzed with IC, H¹-NMR and MS. 

The sex - linked recessive lethal test for mutagenicity (SLRL test) was performed 
with laboratory stocks of Drosophila melanogaster (obtained from the Umea Stock Centre, 
Sweden). Canton-S, line flies had a normal phenotype (wild type), while Basc line flies 
were characterized by individuals homozygous for an X-chromosome balancer carring 
three genetic markers: Bar (B) which produces a narrow eye shape in homo- and 
hemizygous conditions and a kidney shaped eye when heterozygous in females. The 
character can be regarded as partially dominant; white-apricot (wa) - alters the red eye 
colour into light orange and is expressed only in homozygous females and hemizygous 
males; scute (sc) - recessive mutation that reduces the number of thoracic bristles. This 
mutation is linked with the long inversion on the X-chromosome, necessary for 
suppression of crossover that could potentially change the existing gene combinations on 
the treated chromosome (LEE et al., 1983). 

Three-days-old Canton-S males (N=30+30; 30 for acetonic and 30 for watery 
extract) were starved in empty bottles for 5 h prior to the treatment, and then transferred 
and fed in bottles containing with filter paper soaked with a 5% solution of the acetone 
extract and in bottles with filter paper soaked with watery extract for 24 h. After another 
24 h of recovery on a standard medium, each male was mated individually to three Basc 
females, in 30+30 bottles, which made brood I. After two days, males were transferred to 
new set of vials containing three virgins of Basc line (thus creating brood II). After three 
days, males were transferred again to the fresh vials with three Basc virgins (brood III). 
These males stayed with females for three days and were removed afterwards. Females 
were left alone for five days to lay eggs, and then they were removed. The solvent 1% 
Sucrose served as the negative control (LEWIS & BACHER, 1968). 

After F1 emerged, brother-sister mating was allowed for several days, and 10 
females from each vial were placed individually into the new vials. Each vial would give 
the progeny of one treated X-chromosome. In F2, the phenotypes were scored according to 
eye colour and shape. The absence of the wild type males indicated the presence of 
recessive lethal agent induced by the test substance. 

The stocks were maintained, and all experiments were performed under the optimal 
conditions (t = 25oC, relative humidity = 60%, 12/12 hours light/dark regime) on a 
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standard nutritive medium for Drosophila (corn flour, yeast, agar, sugar and nipagin to 
prevent the occurrence of mould and infections).  

The total number of treated X-chromosomes is equal to the sum of lethal and non-
lethal cultures, and the frequency of sex-linked recessive lethal cultures was calculated 
according the ratio between the numbers of lethal cultures to the total number of treated X-
chromosomes. A significance of the percentage difference regarding lethal cultures was 
performed through a testing for big independent samples (testing the difference between 
proportions - PETZ, 1985). 
 
 

RESULTS AND DISCUSSION 
 

Through examination of A. artemisiifolia (L.) many different kinds of metabolites 
including sesquiterpenic lactones, phenolics, coumarins and flavonoids have been 
identified (BLOSYZK et al., 1992; TAMURA et al., 2004; PARKHOMENKO et al., 2006; 
MILOSAVLJEVIĆ et al., 1999). Only two lactones, ambrosin and dihydroambrosin, were 
identified in the acetone extract (in the ratio of 3:1) of ambrosia pollen (Figure 1 and 2). 
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Figure 1. C15H18O3, MW 246.30, 6,9a-dimethyl-3-methylene-
3,3a,4,5,6,6a-hexahydroazuleno[4,5-b]furan-2,9(9aH,9bH)-
dione (ambrosin) 
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Figure 2. C15H20O3, MW 248.30, 3,6,9a-dimethyl-

3,3a,4,5,6,6a-hexahydroazuleno[4,5-b]furan-,9(9aH,9bH)-
dione (dihydro 3-ambrosin) 
 
 

 
α, β−Unsaturated lactones are the subject of interest in phytochemistry and 

medicine, due to their biological properties as cytotoxic, antitumor, antimicrobial agents  
and allergens (PARKHOMENKO et al., 2005; KEBEDE, 1994) Previous literature gears us 
toward the fact that the existing pollen proteins are responsible for their allergenic activity 
(WAN et al., 2002), although there is no proof whether those lactones actually contribute to 
such reaction along existing proteins as their carriers (MOLLER et al., 2002; WARSHAW & 
ZUG, 1996). 
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Using short tests for the detection of mutagenicity in Drosophila melanogaster in 
vivo conditions and comparative analysis’s acetonic and watery extract, we were able to 
determine a mutagenicity effect of the investigated plant (Table 1). 

 
Table 1. Frequencies of SLRL mutations after treatment of Drosophila melanogaster males  

with acetonic and watery extracts of pollen of Ambrosia artemisiifolia  
(Statistically significant difference: p < 0.01**; p< 0.001***) 

 
  Sucrose Ambrosia Ambrosia t s/a t s/a 
 (Negative (Acetonic (Watery (Acetonic (Watery 
  control) extract) extract) extract) extract) 

I broods Σ 300 244 251 1,65 1,38 
No Of lethal 5 10 9 p>0,05 p>0,05 
% Of lethal 1,67 4,1 3,59   

      
II brood Σ 269 204 268 4,4 4,08 

No of lethal 5 26 27 p<0,001*** p<0,001*** 
% Of lethal 1,86 12,74 10,04   

      
III broods Σ 252 236 194 2,97 2,68 
No of lethal 6 20 16 p<0,01** p<0,01** 
% Of lethal 2,38 8,47 8,25   

      
I+II+III      Σ 821 684 713 5,41 4,9 
No of lethal 16 56 52 p<0,001*** p<0,001*** 
% Of lethal 1,95 8,19 7,29     

 
The frequency of germinative mutations induced by the pollen components is 

significantly higher than the frequency of mutations induced by sucrose (negative control). 
The obtained results showed that the spermatid cell line (brood II) is particularly sensitive 
to the extracts. 

Since the statistically significant difference in the increase of frequency of the sex-
related lethal in the tested group of males of Drosophila melanogaster (compared to a 
negative control) represents a positive result, it is concluded that a certain chemical 
component in the ambrosia pollen, induces mutations in male germinative cells of this 
eukaryotic species. Statistically significant differences in II and III brood, confirm the 
same sensitivity of the germinative cells of premeiotic (diploid) and postmeiotic stages 
(haploidic spermatid). 
 
 

CONCLUSION 
 

Results of comparative analysis acetonic and watery extracts showed that lactones, 
in acetonic, and same chemical supstancs in watery extract induces recessive, lethal X-
linked mutations in postmeiotic germinative cell lines – spermatids and premeiotic line – 
spermatocytes, while the spermatozoids are more resistant to the genotoxicity effects of the 
investigated agents. 
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The experimentally proven genotoxicity of the ambrosia pollen extracts needs 
further investigation i.e., determination of the chemical structure of the pollen agent that is 
capable of inducing hereditary genetic changes in this in vivo system. 
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