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  Annotation  

In this thesis, the phenomena of the oxidative stress (OS) and anti-oxidative 

stress responses in insects are described in a comprehensive review, and the 

outcomes of the experimental work are presented. The focus of the work was 

on defence reactions and their putative control by the adipokinetic hormone 

(AKH) and adenosine in the Drosophila melanogaster model. For this purpose, 

we studied the effect of the paraquat (oxidative stressor) treatment on adult 

flies and larvae carrying mutations in Akh (Akh1) and adenosine receptor 

(AdoR1) genes, and in both these genes together (Akh 1AdoR1 double mutant). 

The initial mortality tests revealed the double mutant Akh1 AdoR1 was more 

sensitive to OS than either of the single mutants. The AKH synthesis under the 

OS condition seems to be out of the gene expression control, since the 

increase of an AKH amount in CNS was not linked with the stimulation of Akh 

gene expression after a paraquat treatment. Further, the gene expression of 

the antioxidant enzyme glutathione S-transferase D1 (GstD1) increased 

rapidly with OS, though the enzyme activity increased negligibly regardless of 

both the OS and mutations. Interestingly, the relative expression of GstD1 

gene was minimal in the double Akh1 AdoR1 mutant; thus, it was concluded 

that both AKH and adenosine are employed in the GstD1 gene expression 

control. Similarly, AKH and adenosine seem to act in tandem in glutathione 

(GSH) regeneration, since the GSH level was significantly lower in all untreated 

deficient flies with the maximal effect in the Akh1 AdoR1 double mutant; 

accordingly, the reduction in the GSH level was enhanced by paraquat 

treatment. Altogether, the important roles of both AKH and adenosine in the 

anti-oxidative stress response in D. melanogaster were demonstrated.
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Paper I 

Kodrík D, Bednářová A, Zemanová M, Krishnan N (2015) Hormonal 

regulation of response to oxidative stress in insects – an update. 

International Journal of Molecular Science, 16, 25788-25816.  

Abstract 

Insects, like other organisms, must deal with a wide variety of potentially 

challenging environmental factors during the course of their life. An 

important example of such a challenge is the phenomenon of oxidative 

stress. This review summarizes the current knowledge on the role of 

adipokinetic hormones (AKH) as principal stress responsive hormones in 

insects involved in activation of anti-oxidative stress response pathways. 

Emphasis is placed on an analysis of oxidative stress experimentally 

induced by various stressors and monitored by suitable biomarkers, and 

on detailed characterization of AKH’s role in the anti-stress reactions. 

These reactions are characterized by a significant increase of AKH levels in 

the insect body, and by effective reversal of the markers — disturbed by 

the stressors — after co-application of the stressor with AKH. A plausible 

mechanism of AKH action in the anti-oxidative stress response is discussed 

as well: this probably involves simultaneous employment of both protein 

kinase C and cyclic adenosine 3′,5′-monophosphate pathways in the 

presence of extra and intra-cellular Ca2+ stores, with the possible 

involvement of the FoxO transcription factors. The role of other insect 

hormones in the anti-oxidative defense reactions is also discussed.
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Paper II 

Zemanová M, Kodrík D (2016) The anti-oxidative stress response in 

Drosophila melanogaster. Involvement of adipokinetic hormone and 

adenosine. In: Animal Physiology 2016 – Proceedings of International 

Scientific Conference (eds Pavlík A, Sláma P, Škarpa P), pp. 317–323. 

Mendel University, Brno. 

Abstract 

The anti-oxidative stress response was studied in Drosophila melanogaster 

larvae and adults with mutation in genes of adipokinetic hormone (Akh1), 

and adenosine receptor (AdoR1), and both these genes together (Akh1 

AdoR1 double mutant). To elicit the oxidative stress we administered 

paraquat (PQ) in food. Mortality tests revealed the double mutant 

Akh1 AdoR1 was more sensitive to PQ toxicity than either of the single 

mutants. The PQ administration significantly increased the Drome-AKH 

hormone level in control w1118 and AdoR1 larvae. On the contrary, PQ 

significantly increased expression of glutathione S-transferase D1 (GstD1) 

gene. It seems that both functional adenosine receptor and AKH itself are 

important for the proper control of the GstD1 gene expression under 

oxidative stress. On the other hand, differences in glutathione S-

transferase (GST) activity among the strains, and between untreated and 

PQ treated groups were minimal. Next, the glutathione (GSH) level was 

significantly lower in all untreated mutant groups as compared with 

untreated control w1118 flies and declined further when the flies were 

treated with PQ. Thus, we demonstrated the important role of AKH and 

adenosine in control of anti-stress response elicited by PQ in D. 

melanogaster model. 
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Paper III 

Zemanová M, Stašková T, Kodrík D (2016) Role of adipokinetic hormone 

and adenosine in the anti-stress response in Drosophila 

melanogaster. Journal of Insect Physiology, 91-92, 39–47.  

Abstract 

The role of adipokinetic hormone (AKH) and adenosine in the anti-stress 

response was studied in Drosophila melanogaster larvae and adults 

carrying a mutation in the Akh gene (Akh1), the adenosine receptor gene 

(AdoR1), or in both of these genes (Akh1 AdoR1 double mutant). Stress was 

induced by starvation or by the addition of an oxidative stressor paraquat 

(PQ) to food. Mortality tests revealed that the Akh1 mutant was the most 

resistant to starvation, while the AdoR1 mutant was the most sensitive. 

Conversely, the Akh1 AdoR1 double mutant was more sensitive to PQ 

toxicity than either of the single mutants. Administration of PQ 

significantly increased the Drome-AKH level in w1118 and AdoR1 larvae; 

however, this was not accompanied by a simultaneous increase in Akh 

gene expression. In contrast, PQ significantly increased the expression of 

the glutathione S-transferase D1 (GstD1) gene. The presence of both a 

functional adenosine receptor and AKH seem to be important for the 

proper control of GstD1 gene expression under oxidative stress, however, 

the latter appears to play more dominant role. On the other hand, 

differences in glutathione S-transferase (GST) activity among the strains, 

and between untreated and PQ-treated groups were minimal. In addition, 

the glutathione level was significantly lower in all untreated AKH- or AdoR-

deficient mutant flies as compared with the untreated control w1118 flies 

and further declined following treatment with PQ. All oxidative stress 

characteristics modified by mutations in Akh gene were restored or even 

improved by 'rescue' mutation in flies which ectopically express Akh. Thus, 

the results of the present study demonstrate the important roles of AKH 
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and adenosine in the anti-stress response elicited by PQ in a D. 

melanogaster model, and provide the first evidence for the involvement 

of adenosine in the anti-oxidative stress response in insects.  
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Unpublished manuscript 

Bednářová A, Zemanová M, Rakshit K, Kodrík D, Krishnan N. Effect of 

disruption of adipokinetic hormone signaling on homeostasis and 

aging characteristics in Drosophila melanogaster. Physilogy & 

Behavior, unpublished manuscript 

Abstract 

The impact of disruption of AKH signaling was studied on the senescence 

characteristics during aging in Drosophila in a sexually dimorphic manner. 

In the study a mutant that produces a non-functional AKH peptide (Akh1) 

was compared with isogenized wild-type controls (w1118), Akh-rescue line 

with ectopic expression of Akh in mutated Akh background (EE-Akh), and 

also with flies overexpressing Akh (Akh-oex). Interestingly, lack of AKH 

signaling did not affect longevity of flies under ad libitum feeding 

conditions and overexpression of Akh did not have any beneficial effects 

either between sexes. Locomotor activity rhythms were unaffected in Akh1 

mutants though a significant decline in strength of rhythm was recorded 

with age. Females of both Akh1 and Akh-oex flies were arrhythmic in old 

age. Negative geotaxis was significantly impaired in Akh1 flies while it was 

significantly enhanced in Akh-oex flies. No change in body mass was 

recorded across genotypes or age in a particular sex, though young Akh1 

flies of both sexes did show significantly higher body mass compared to 

age matched flies of other genotypes. Differential expression of genes 

involved in energy homeostasis and aging revealed that while dTOR and 

Akt expression were elevated in Akh1 flies compared to other genotypes, 

AMPK and dFoxO expression levels were significantly impaired. Taken 

together, the results reveal a significant role for AKH in aging and 

senescence related characteristics but these would be more prominent in 

conditions when situations of stress exist. 
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