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Summary 
 

 All living organisms under stressful condition respond by synthesizing heat shock proteins 
(HSPs). In recent years, hsp70 has been considered to be one of the candidate genes for 
predicting the cytotoxicity against environmental chemicals.  The effect of apigenin was 
studied against the toxic effects induced by ethinylestradiol in the third instar larvae of 
transgenic Drosophila melanogaster (hsp70-lacZ)Bg9 using hsp70 expression and dye 
exclusion test as a parameter. The effect of 0.1, 0.50 and 1.0 µl/ml of apigenin was studied 
against the toxic effects induced by 0.50 and 1.0 µl/ml of ethinylestradiol in the third instar 
larvae of transgenic Drosophila melanogaster (hsp70-lacZ)Bg9 using hsp70 expression and 
dye exclusion test as a parameter. The selected doses of apigenin for the estimation of hsp70 
expression in the third instar larvae (i.e. 0.1, 0.5 and 1.0 µl/ml) were not toxic though 
reduced significantly, the expression of hsp70 and tissue damage induced by 0.5 and 1.0 
µl/ml of ethinylestradiol. The results demonstrates the protective role of apigenin against the 
toxicity of ethinylestradiol in the third instar larvae of transgenic Drosophila melanogaster 
(hsp70-lacZ)Bg9 and also promotes the use of alternative to higher laboratory animals such 
as mice/rats for the initial screening of the chemical agents for their possible toxic or 
protective effects.  
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Introduction 

Heat shock proteins are the important part of the cell for protein folding. It also 
protects cells from the stress [1]. The genes coding the heat shock proteins are highly 
conserved and many of them are assigned to families on the basis of sequence homology and 
molecular weight [2]. Now-a-days, hsp70 is used as a candidate gene for predicting the 
cytotoxicity against environmental chemicals [3, 4, 5, 6]. Estrogens are used to cure of many 
types of sexual disorder as well as in oral contraceptive formulations [7]. There are sufficient 
evidences of the estrogens carcinogenicity and genotoxicity in various experimental models 
[8].  

Apigenin is one of the several active ingredients found naturally in many fruits and 
vegetables. It is found in several popular spices, including basil, oregano, and parsley [9]. 
Apigenin is recognized in traditional or alternative medicine for its pharmacological activity 
[10].  In the recent years, the use of animals in toxicological/ pharmacological research and 
testing has become an important issue for both science and ethics. For this the emphasis has 
been given to the use of alternative to mammals in testing, research and education [4].   
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The European Centre for the Validation of Alternative Methods (EVCAM) has 
recommended the use of Drosophila as an alternative model for scientific studies [11, 12].  
In the present study an attempt has been made to validate this model for the evaluation of the 
chemotherapeutic/natural plant product for their protective action. The protective effect of 
apigenin was studied against the toxicity induced by ethinylestradiol in the third instar larvae 
of transgenic Drosophila melanogaster (hsp70-lacZ)Bg9. 

 

Materials and methods 

Fly strain 

A transgenic Drosophila melanogaster line that expresses bacterial β-galactosidase as a 
response to stress was used in the present study.  The flies and larvae were allowed to grow 
on the diet containing agar, cornmeal, sugar, and yeast at 24oC [13]. 

Experimental Design 

Ethinylestradiol at 0.5 and 1.0 µl/ml of food concentration alone and along with 0.1, 0.5 and 
1.0 µl/ml of apigenin (dissolved in DMSO) were established. The third instar larvae were 
allowed to feed on them for different time intervals i.e. 12, 24 and 48 hrs. 

Soluble O-nitrophenyl-ββββ-D-galactopyranoside (ONPG) assay 

The method followed was as described by Nazir et al. [13]. The larvae were washed in 
phosphate buffer and then were taken in a micro centrifuge tube (20 larvae/tube; 5 replicates 
/ group). For permeabilization the larvae were kept for 10 min in acetone. After removing 
the acetone the larvae were incubated overnight at 37oC in 600 µl of ONPG staining buffer. 
Following incubation, the reaction was stopped by adding 300 µl Na2CO3. The extent of 
reaction was quantified by measuring the absorbance at 420 nm. 

Trypan blue exclusion test 

The tissue damage in the larvae exposed to different concentrations of ethinylestradiol 
separately and in combination with apigenin was assayed by the dye exclusion test [14]. The 
internal tissues of larvae were explanted in a drop of phosphate buffer (PB), rotated in trypan 
blue stain for 30 min, washed thoroughly in PB and scored immediately for dark blue 
staining. Total 50 larvae per treatment (10 larvae per dose; 5 replicates per group) were 
scored for the trypan blue staining on an average composite index per larvae; no color, O; 
any blue 1; darkly stained nuclei, 2; large patches of darkly stained cell, 3; or complete 
staining of most cells in the tissue, 4 [14]. 

Statistical analysis 

Statistical analysis was carried out by one way analysis of variance (ANOVA) using 
commercial Software Statistica Soft Inc (2007). 

 

 

Results 

The exposure of third instar larvae of transgenic Drosophila melanogaster (hsp70-lacZ)Bg9 
to 0.50 µl/ml of ethinylestradiol for 12, 24 and 48 hrs showed a exposure dependent increase 
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in the mean absorbance values and were 0.2821±0.0133, 0.2985±0.0144 and 0.3049±0.146, 
respectively (Table 1). Similarly, the exposure of larvae to 1.0 µl/ml of ethinylestradiol for 
12, 24 and 48 hrs showed a exposure dependent increase in the mean absorbance values and 
were 0.3132±0.0148, 0.3264±0.0153 and 0.3289±0.0159, respectively (Table 1). The 
exposure of larvae to 0.50 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of 
apigenin for 12 hrs showed a dose dependent reduction in the mean absorbance values i.e. 
0.2461±0.0068, 0.2318±0.0053 and 0.2302±0.0050, respectively (Table 1). Similarly, the 
exposure of larvae to 1.0 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of 
apigenin showed a dose dependent reduction in the mean absorbance values i.e. 
0.2743±0.0121, 0.2614±0.0113 and 0.2516±0.0093, respectively (Table 1). The exposure of 
larvae to 0.50 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of apigenin for 24 
hrs showed a dose dependent reduction in the mean absorbance values i.e. 0.2618±0.0134, 
0.2576±0.0098 and 0.2413±0.0042, respectively (Table 1).  Similarly, the exposure of larvae 
to 1.0 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of apigenin for 24 hrs was 
associated with the dose dependent reduction in the mean absorbance values i.e. 
0.2810±0.0132, 0.2762±0.0125 and 0.2631±0.0117, respectively (Table 1). The exposure of 
larvae to 0.5 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of apigenin for 48 
hrs was associated with the dose dependent decrease in the mean absorbance values i.e. 
0.2772±0.0128, 0.2613±0.0130 and 0.2582±0.0183, respectively (Table 1). Similarly, 1.0 
µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of apigenin for 48 hrs showed a 
dose dependent reduction in the mean absorbance values i.e. 0.2913±0.0142, 0.2844±0.133 
and 0.2757±0.0122, respectively (Table 1). 

 

The regression analysis was also performed to study the dose effect of apigenin on the third 
instar larvae exposed to 0.5 and 1.0 µl/ml of ethinylestradiol. The exposure of larvae for 12 
hrs to 0.5 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of apigenin was 
associated with the β-coefficient of -0.88 (F=3.412). For 24 and 48 hrs of exposures the β-
coefficient values were -0.97 (F=13.645) and -0.91 (F=4.630), respectively (Table 2). The 
exposure of larvae to 1.0 µl/ml of ethinylestradiol along with 0.1, 0.5 and 1.0 µl/ml of 
apigenin for 12 hrs was associated with β-coefficient of -0.99 (F=48.411). The exposure of 
larvae for 24 and 48 hrs was associated with the β-coefficient of -0.98 (F=24.969) and -1.0 
(F=165.675), respectively (Table 2). 

 

The tissue damage induced by 0.5 and 1.0 µl/ml of ethinylestradiol alone and in combination 
with 0.1, 0.5 and 1.0 µl/ml of apigenin for the exposure of larvae to 48 hrs was evaluated by 
trypan blue staining. About 95% of the untreated larvae were negative to trypan blue 
staining. About 90% of the larvae exposed to 0.5 and 1.0 µl/ml of ethinylestradiol showed 
damage in brain ganglia, midgut, salivary glands, malpighian tubules and the hind gut. The 
exposure of larvae to ethinylestradiol, along with various doses of apigenin results in the 
reduction of the tissue damage. About 40% of larvae show light staining in the midgut and 
brain ganglia and no damage was observed in the midgut, malpighian tubule, and midgut. 
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Table1: β-galactosidase activity measured in transgenic Drosophila melanogaster (hsp70-lacZ)Bg9 third instar larvae exposed to different 
concentrations of ethinylestradiol and apigenin for various durations 
 

Treatments O.D. (Mean±±±±SE)              
after 12 hrs 

O.D. (Mean±±±±SE)             
after 24 hrs 

O.D. (Mean±±±±SE)             
after 48 hrs 

EE (µl/ml)    
0.50 0.2821 ± 0.0133a 0.2985 ± 0.0144a 0.3049 ± 0.0146a 
1.0 0.3132 ± 0.0148a 0.3264 ± 0.0153a 0.3289 ± 0.0159a 

EE (µl/ml) + Apigenin (µl/ml)    
0.50 + 0.1 0.2461 ± 0.0068ab 0.2618 ± 0.0134ab 0.2772 ± 0.0128ab 
0.50 + 0.5 0.2318 ± 0.0053ab 0.2576 ± 0.0098ab 0.2613 ± 0.0130ab 
0.50 + 1.0 0.2302 ± 0.0050ab 0.2413 ± 0.0042ab 0.2582 ± 0.0103ab 

1 + 0.1 0.2743 ± 0.0121ab 0.2810 ± 0.0132ab 0.2913 ± 0.0142ab 
1 + 0.5 0.2614 ± 0.0113ab 0.2762 ± 0.0125ab 0.2844 ± 0.0137ab 
1 + 1 0.2516 ± 0.0093ab 0.2631 ± 0.0117ab 0.2757 ± 0.0122ab 

Apigenin (µl/ml)    
0.1 0.2136 ± 0.0015 0.2148 ± 0.0015 0.2176 ± 0.0028 
0.5 0.2147 ± 0.0016 0.2109 ± 0.0009 0.2219 ± 0.0034 
1.0 0.2166 ± 0.0019 0.2214 ± 0.0030 0.2233 ± 0.0039 

Untreated 0.2013 ± 0.0011 0.2057 ± 0.0017 0.2136 ± 0.0021 
DMSO (1µl/ml) 0.2034 ± 0.0018 0.2083 ± 0.0019 0.2156 ± 0.0024 

 
EE: Ethinylestradiol; DMSO: Dimethylsulfoxide; OD: Optical density; SE: Standard error 
aP<0.05 as compared to untreated. 
bP<0.05 as compared to EE treatment 
 
 
 
 
 



Pharmacologyonline 3: 677-684  (2011)                                    Siddique et al. 

 681 

Table-2: Regression analysis for the dose effect of apigenin along with 0.5 and 1.0 µl/ml of ethinylestradiol for various duration of 
exposure. 

 

S. No. Treatments 
EE (µl/ml) 

Duration 
(hr) 

Regression Equation β-coefficient SE P-value F-value 

1. 0.50 12 Y = 0.24514 – 0.0171 X - 0.88 0.0059 < 0.0156 3.412 

2. 0.50 24 Y = 0.26593 – 0.0232 X - 0.97 0.0040 < 0.0097 13.645 

3. 0.50 48 Y = 0.27650 – 0.0205 X - 0.91 0.0060 < 0.0142 4.630 

4. 1.0 12 Y = 0.27576 – 0.0250 X - 0.99 0.0023 < 0.0054 48.411 

5. 1.0 24 Y = 0.28418 – 0.0201 X - 0.98 0.0026 < 0.0059 24.969 

6. 1.0 48 Y = 0.29305 – 0.0173 X - 1.0  0.0000 < 0.0001 165.675 
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Discussion 

The results of the present study reveals that the apigenin reduced the toxic effects of 
ethinylestradiol in the third instar larvae of transgenic Drosophila melanogaster (hsp70-
lacZ)Bg9. In our earlier study the effect of ethinylestradiol was studied at 0.25, 0.50, 1.0 and 
2.0 µl/ml and was found to express β-galactosidase significantly at 0.50, 1.0 and 2.0 µl/ml 
[5]. Our earlier study with ethinylestradiol in cultured human lymphocytes showed that the 
metabolic activation and possible conversion of ethinylestradiol to reactive species is 
responsible for the genotoxicity [15]. Flavonoids, a complex group of aromatic compounds 
have been found to be protective against the toxicity of various compounds [16]. The 
transgenic D. melanogaster has been used as an alternative animal model for toxicological 
research [17]. Medicinal plants and their products have been used for centuries to cure 
various ailments [18].  Drosophila as a model in pharmaceutical research is easy to handle, 
culture, time efficient and cost effective in comparison to rodents [19]. The high microsomal 
oxidase activity has been reported in the midgut tissues of insects [20].  In our present study 
the damage has been first observed in the mid gut tissues, probably the metabolic activation 
of ethinylestradiol takes place in the mid gut. The supplementation of apigenin reduces the 
expression of hsp70 as well as the tissue damage. It may be due to the scavenging of reactive 
oxygen species by the apigenin that causes stress in the tissue as a result the hsp70 
expression increases. A dose dependent decrease in the β-galactosidase expression clearly 
demonstrates the protective effect of apigenin. The studies related to the protective role of 
natural plant products using Drosophila melanogaster are limited. Although the modulatory 
effects of some plant extract have been studied using as a model [21, 22]. The results of the 
present study support the use of D. melanogaster as it is also capable of activating 
promutagens and procarcinogens [23,24].  
 

Acknowledgements 

The authors are thankful to the Chairman, Department of Zoology, Aligarh Muslim 
University, Aligarh for laboratory facilities. We are also thankful to Dr. D. Kar Chowdhuri, 
Scientist F & Head Embryotoxicology, IITR, Lucknow, U.P., India for providing Bg9 
Drosophila strain. 

 

References 
 

1. Tavaria M, Gabriele T, Kola I, Anderson RL. A hitchhiker’s guide to be the human hsp70 
family. Cell Stress Chap 1996; 1: 23-28. 

2. Fonager J, Beedholm R, Clark BFC, Rattan SIS. Mild stress induced stimulation of heat    
shock protein synthesis and improved functional ability of human fibroblasts undergoing 
aging in vitro. Exp Gerontol 2002; 37: 1223-1228. 
 
3.  Mukhopadhyay I, Nazir A, Saxena DK, Chowdhuri DK. Heat shock responses hsp70 in  
environmental monitoring. J Biochem Mol Toxicol 2003; 17: 249-254. 

 

 



Pharmacologyonline 3: 677-684  (2011)                                    Siddique et al. 

 683 

4.   Mukhopadhyay I, Saxena DK, Chowdhuri DK. Hazardous effects of effluent from the 
chrome plating industry; 70kDa heat shock protein expression as a marker of cellular 
damage in transgenic Drosophila melanogaster (hsp70-lacZ)Bg9. Environ Health Perps 
2003; 3: 1926-1932.  

5. Siddique YH, Ara G, Afzal M. Effect of ethinylestradiol on hsp70 expression in 
transgenic Drosophila melanogaster (hsp70-lacZ)Bg9. Pharmacologyonline 2011; 1: 398-
405. 

6. Siddique YH, Ara G, Faisal M, Afzal M. Protective role of Plumbago zeylanica extract 
against the toxic effects of ethinylestradiol in the third instar  larvae of transgenic 
Drosophila melanogaster (hsp70-lacZ)Bg9 and cultured human peripheral blood 
lymphocytes. Alt Med Studies 2011; 1: 26- 29. 

7. Schwend TH, Lippman JS. Comparative review of recently introduced oral contraceptives 
containing norgestimate, desogestrel, and gestodene and older oral contraceptives. In: Pavlik 
EJ, Estrogens, Progestins and their   antagonists, Birkhauser, Boston, 1996, pp. 273-296. 

8. Joosten HFP, van Acker FA, van den Dobbelsteen DJ, Horbach GJ, Krajnc EI . 
Genotoxicity of hormonal steroids. Toxicol Lett 2004; 151:113-34. 

9. Peterson J, Dwyer J. Flavonoids: dietary occurrence and biochemical activity. Nutr Res 
1998; 8: 1995-2018. 

10. Siddique YH, Beg T, Afzal M. Antigenotoxic effect of apigenin against anti-cancerous 
drugs. Toxicol in vitro 2008; 22: 625-631. 

11. Festing MFW, Baumans V, Combes DR, Halder M, Hendriksen FM, Howard BR, 
Lowell  DP, Moore GJ, Overend P, Wilson MS. Reducing the use of  laboratory animals in 
biomedical research: Problems and possible solutions. Alt Lab Anim 1998; 26: 283-301. 

12. Benford DJ, Hanley BA, Bottrill K, Oehlschlager S, Balls M, Branca F, Castengnaro JJ, 
Descotes J, Hemminiki K, Lindsay D, Schitter B. Biomarkers as  predictive tools intoxicity 
testing. Alt Lab Anim 2000; 28: 119-131. 

13. Nazir A, Mukhopadhyay I, Saxena DK, Siddiqui MS, Chowdhuri DK. Evaluation of 
toxic potential of captan: induction of hsp70 and tissue damage in transgenic Drosophila 
melanogaster (hsp70-lacZ)Bg9. J Biochem Mol Toxicol  2003;17: 98-107. 

14. Krebs RA, Feder ME. Tissue specific variation in hsp70 expression and thermal damage  
in Drosophila melanogaster larvae. The J Exp Biol 1997;  200: 2007-2015.  

15. Siddique YH, Beg T, Afzal M. Genotoxic potentialof ethinylestradiol in cultured 
mammalian cells. Chem Biol Interact 2005; 151: 133-141. 

16. Siddique YH. Natural plants extract and drug Genotoxicity. LAP LAMBERT      
Academic Publishing GmbH and Co. KG, Saarbrucken, Germany, 2011; pp. 82. 

17. Chowdhuri DK, Saxena DK, Vishwanathan PN. Effect of hexachloro-cyclohexane 
(HCH), its isomers and metabolites on hsp70 expression in transgenic Drosophila 
melanogaster. Pesticide Biochem Physiol 1996; 63: 15-25. 

18. Asolkar AV, Kakkar KK, Charke OJ.  Glossary of Indian medicinal plants with active 
principles, CSIR, New Delhi, 1992; pp. 187. 



Pharmacologyonline 3: 677-684  (2011)                                    Siddique et al. 

 684 

19. Avanesian A, Semmani S, Jafri M. Can Drosophila melanogaster represent a model 
system the detection of reproductive adverse drug reactions?. Drug Dis Today 2009; 14: 
761-766. 

20. Wilkinson CF, Brattsten. Microsomal drug metabolizing enzymes in insects. Drug Metab 
Rev 1992; 1: 153-228. 

21. Ahmad ES, Twaty NH, Fakiha KG, Bibars MA.  Mutagenic and antimutagenic effects of 
some plants extracts in Drosophila melanogaster.  Nat Sci 2010; 8: 77-82. 

22. Castro AJS, Grisolia CK, de Araujo DC, Dias CD, Dutra ES, Nepomuceno JC. 
Recombinogenic effects of the aqueous extract of pulp from pequi fruit (Caryocar 
brasiliense) on somatic cells of Drosophila melanogaster. Genet Mol Res  2008; 7: 1375-
1383. 

 23. Dolouh A, Ankiss S, Skali SN, Abrini J, Idaomar M. Genotoxicity and        
antigenotoxicity studies of commercial Argania spinosa seed oil (organ oil) using the wing 
somatic mutation and recombination test in Drosophila melanogaster.  African J Food Sci 
2010; 4: 434-439. 

24.  Serrikaya K, Cakir S.  Genotoxicity testing of four food preservatives and their 
combination in the Drosophila wing spot test.  Environ Tox Pharm  2005; 20: 424-430.  

 


