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mouth parts, which are advantageous to the female beings to develop as normal.  So as in the other 
metric traits.  Perusal of literature reveals, the species under study are closely related.  The present 
study also showed there is a similarity among the species with respect to metric traits.  
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Abstract 

 
In this study, the developmental effects of a well-known plasticizer dibutyl phthalate (DBP) 

were determined in wild type Oregon strain of Drosophila melanogaster.  The 72 h larvae of D. 
melanogaster were exposed to four concentrations of DBP-acetone solution.  After 72 hours, the 
pupae were counted.  The developmental times of DBP exposure groups were found extended 
comparing to the control group.  The reductions were found statistically significant compared to the 
control (P < 0.05).  
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Introduction 

 
In recent years, the contamination with phthalate esters (1,2-benzendicarboxylates) (PAEs) 

turned into ubiquitous in the soil, water, and air (Steiner et al., 1998).  The increased contamination 
with phthalate is a common problem worldwide due to its widespread utilization areas.  Therefore, 
the concerns about possible harmful health effects have been raised (Swan et al., 2005; Hauser et al., 
2006).  

PAEs including dibutyl phthalate (DBP) are widely used in PVC industry and to a lesser 
extent in the non-polymer industry products (children’s toys, sealants, paints, printing inks, 
cosmetics, varnishes, shampoos, cables or fabrics, insect repellents etc.) (Heudorf et al., 2007).  PAEs 
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are oily substances and slightly soluble in water.  They are not bound to plastics covalently (Mikula 
et al., 2005).  So, they can be leached from these products to the environment (Steiner et al., 1998).  

PAEs are known to disrupt the endocrine system of animals (Fisher, 2004) and hence its 
exposure may cause potential health problems (Prasanth et al., 2009).  DBP is a component of PAEs 
and has been reported a potential for endocrine disrupting effects on vertebrates (Toppari et al., 1996; 
Keith, 1997; Wine et al., 1997).  

The toxic effects of DBP were investigated in many organisms including rat, abalone, 
freshwater rotifer etc.  The researchers found that DBP can cause reproductive tract malformations in 
male rats (Wölfle et al., 2009), fertility reductions and ovarian malfunctions in female rats (Gray et 
al., 2006).  The developmental effects of DBP were found significantly toxic (malformation of 
embryos, low larval settlements) in the exposed larvae of abalone Haliotis diversicolor supertexta 
(Zhihui et al., 2009).  In addition, it is shown that DBP significantly prolonged the generation time of 
freshwater rotifer Brachionus calyciflorus (Zhao et al., 2009).  

To the best of our knowledge, there are no reports in the open literature on the effects of DBP 
on D. melanogaster.  Therefore, the major aim of the present study is to assess the effects of DBP on 
development of the fruit fly D. melanogaster.  
 
 
Materials and Methods 

 
In order to determine the mortality of DBP (CAS No: 84-74-2), wild type Oregon strain of D. 

melanogaster was used.  First, Oregon adult flies were crossed in culture bottles containing Standard 
Drosophila medium at 25 ± 1°C culture room.  After 72 ± 2 hours, individuals were removed from 
bottles and the 3rd instar larvae were collected.  Ten larvae were placed into each vial.  The DBP was 
firstly diluted in 0.1 ml acetone and after 100 ml sucrose solution was added.  The solution and 1.5 gr 
Drosophila medium were added in the vials.  The treatment doses were 1 ml/L, 0.1 ml/L, 0.01 ml/L 
and 0.001 ml/L.  Each dose had two replicates.  Statistical differences between the transition period 
of control and treated larvae were examined with two-variable t test using SPSS 11.5.  The 
homogeneity of variances of data was tested with Levene statistics, and the variances were found 
homogeneous (P > 0.05). 
 

 
Results 
 
 The developmental and mortality 
effects of DBP were investigated in 72 h 
larvae of D. melanogaster.  After the 
exposure with DBP, pupation was recorded 
at 24 hours, 48 hours, and 72 hours.  After 24 
hours, pupation percentages were found to be 
23.3% in control group, 5% in 0.001 ml/L 
dose, 3.33% in 0.01 ml/L dose, 5% in 0.1 

ml/L dose, and 1.67 in 1 ml/L dose.  After 48 hours, pupation percentages were found to be 66.67% 
in control group, 61.6% in 0.001 ml/L dose, 51.6% in 0.01 ml/L dose, 60% in 0.1 ml/L dose, and 
58.33 in 1 ml/L dose.  After 72 hours, pupation percentages were found to be 96.67% in control 
group, 88.33% in 0.001 ml/L dose, 98.33% in 0.01 ml/L dose, 95% in 0.1 ml/L dose, and 96.67% in 
1 ml/L dose (Table1). 

 
Table 1.  The pupation percentages of the 3rd instar larvae of 
Drosophila melanogaster after treated with DBP.  
 

No 
Doses 
(ml/L) 

n 24 h 48 h 72 h 

1 Control 60 23.3 66.67 96.67 
2 0.001 60 5 61.6 88.33 
3 0.01 60 3.33 51.6 98.33 
4 0.1 60 5 60 95 
5 1 60 1.67 58.33 96.67 

n: Number of larvae. 
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Table 2 shows mean pupation times (hour) of the control and exposure groups.  The mean 
pupation time of control group was found to be 57.4 of DBP on development of D. melanogaster.  
The mean pupation times were found to be 57.4 in control group, 60.9 in 0.001 ml/L dose, 62.9 in 
0.01 ml/L dose, 61.7 in 0.1 ml/L dose, and 62.5 in 1 ml/L dose.  As seen in Table 2, there was a 
statistically significant reduction in the mean pupation times in the treated groups (P < 0.05) 
compared to the control group.  
 

 
Table 2.  The effect of DBP treatment on the mean pupae numbers of Drosophila 
melanogaster in 72 hours. 
 

No 
Doses 
(ml/L) 

n 
No. of 
pupae 

Mean Pupation Time 
(hour) ± SE 

SD 
Significant differences 

of the means* 

1 Control 60 58 57.4 ± 1.77 16.85 1-2*, 2-3* 
2 0.001 60 53 60.9 ± 1.4 13.5 2-1*, 2-5 * 
3 0.01 60 59 62.9 ± 1.32 12.75 3-1*, 3-4* 
4 0.1 60 59 61.7 ± 1.35 13.35 4-1*, 4-5* 
5 1 60 57 62.5 ± 1.28 12.33 5-1* 

n: Number of Larvae, SE: Standard Error, SD: Standard deviation; *p < 0.05 

 
 
Discussion 
 

In the present study, the developmental effects of plasticizer DBP were determined in wild 
type Oregon strain of Drosophila melanogaster.  The pupation percentages of four treatment groups 
and control group were determined and compared.  As seen in Table 1, the pupation percentages of 
treatment groups (5%, 3.33%, 5%, 1.67% ) in first 24 hours were found to be dramatically delayed 
when compared to that of control group (23.3%).  After 48 hours, the differences between control and 
treatment groups were found stable.  

The mean pupation time (hour) of the four treatment groups were calculated and compared 
with control group.  As seen in Table 2, the mean pupation times of the treatment groups (60.9, 62.9, 
61.7, 62.5, respectively) were markedly prolonged when compared to the that of control group (57.4).  
The results showed significant reductions among the treatment groups and control group (P < 0.05).  
These significant delays show that the pupation of D. melanogaster was markedly affected by DBP.  
Similarly to our findings, Zhao et al. (2009) determined a significantly prolonged generation time in 
freshwater rotifer Brachionus calyciflorus with DBP exposure. 

It is reported that DBP treatment can cause fertility reductions, reproductive malformations in 
rats and low larval settlements in H. diversicolor supertexta (Gray et al., 2006; Wölfle et al., 2009; 
Zhihui et al., 2009).  Besides, the researchers found that several phthalates including DBP or their 
metabolites, respectively, can cross the placenta barrier and reach the human fetus (Wittassek et al., 
2009).  

In conclusion, the present study has revealed that DBP can cause statistically significant 
reductions in pupation time of D. melanogaster.  Concerning the potential estrogenic activity of DBP, 
further research is required. 
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Each ommatidium of the Drosophila compound eye has 8 photoreceptors (retinula cells); the 
rhabdomere of each is the specialized organelle that houses rhodopsin and the visual transduction 
molecules.  One of the primary functions of the retinula cell is maintenance of the rhabdomere, 
including turnover of membrane and protein (Lee et al., 1996).  Vitamin A deprivation reduces or 
eliminates rhodopsin in Drosophila rhabdomeres (Harris et al., 1977).  Vitamin A replacement 
synchronizes de novo synthesis and export of rhodopsin (Sapp et al., 1991).  

Although the quality of fixation of Drosophila photoreceptors has always been variable, 
electron micrographs from our lab archives showed that vitamin A deprived flies are more likely to 
be plagued by what we refer to as “ghosty cytoplasm” (marked with asterisks [*], Figure 1, Top left) 
than vitamin A replete controls (Figure 1, Middle left).  (Electron micrographs are labeled thus: R is 
rhabdomere, G is Golgi, > is desmosome, N is nucleus, and PG is pigment granule.)  We 
hypothesized that cytoplasmic organelles dedicated to biosynthesis, rough endoplasmic reticulum and 
Golgi apparatus, might be reduced by vitamin A deprivation.  We tested our hypothesis using a fly 
stock we had been using to visualize Golgi apparatus, ARF72-RFP (ADP ribosylation factor tagged 
with red fluorescent protein). 

Flies were lightly etherized and fixed to a glass slide for visualization of the deep 
pseudopupil.  A typical fluorescence micrograph is presented (Figure 1, Top right); the blurry 
appearance compared with rhabdomere fluorescence (Stark and Thomas, 2004) is explained since 
Golgi apparatus is distributed throughout retinula cells.  Fluorescence was quantified using a 
fluorescence microscope with a photometer system (Stark et al., 1985).  The pseudopupil image was 
delimited by the photometer and fed to the photomultiplier tube.  Rhabdomeres were excited with a 
calibrated amount of 488 nm light, and a voltage response proportional to the level of fluorescence 
being emitted was recorded by a computer.  Flies were raised at room temperature either on our 
yellow cornmeal food (supplemented with beta-carotene, vitamin A replete) or on Sang’s medium 
lacking vitamin A.  A strong correlation between age and level of fluorescence was noted (Figure 1, 
Middle right).  Thus, for control, measurements were performed on flies within 12 hr of eclosion.  

RFP fluorescence of vitamin A deprived flies (n = 28) was the same as that of flies reared on 
vitamin  A replete  medium (n = 27),  as witnessed, since the  error  bars  (95%  confidence  intervals)  




