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Quinic Acid as a Potential Therapeutic Agent in Drosophila Model of Rotenone-Induced Parkinson’s Disease


ABSTRACT
Background: Quinic acid (QA), a cyclic polyol is reported to possess antioxidant, anti-inflammatory and anti-apoptotic properties. The present experiment studied the protective role of QA against rotenone mediated reduction in viability, cognitive dysfunction and oxidative stress in Drosophila melanogaster. Materials and Methods:  The antiparkinsonian role of QA was assessed in rotenone induced Drosophila model of PD by performing life span assay, cognitive and behaviour studies and biochemical (oxidant-antioxidant) assays. Results: QA exposure enhanced viability in rotenone (500 µM) exposed fruit flies and enhanced locomotion in open field and negative geotaxis assay. QA significantly attenuated the cognitive impairment (thermotaxis, smell and taste chemotaxis and phototaxis) induced by rotenone. QA significantly reduced TBARS, ROS and protein carbonyl levels and enhanced levels of GSH and activities of SOD, catalase and GST in rotenone exposed flies through its potent antioxidant properties. Conclusion: These results demonstrated the protective effect of QA may be partially due to its potent antioxidant activity. However further research is needed to understand the underlying mechanisms in other cellular and animal models of PD.
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1. INTRODUCTION 
Parkinson’s disease (PD) is mainly considered as a motor disease and the patients are affected by tremor, bradykinesia, rigidity and postural instability (Marinus et al., 2018).  Dopaminergic neuronal loss occurred in substantia nigra pars along with their projections into the striatum are the hall marks of PD (Kalia et al., 2015). Although the cause of PD is not known, it may be occurred due to exposure of exposure to environmental toxins (sporadic PD) or/and mutations in genes such as α-synuclein and leucine-rich repeat kinase 2 (familial PD) (Park et al., 2009). Rotenone, a natural piscicide and board spectrum insecticide, potentially inhibits mitochondrial complex I and inhibits ATP synthesis in mitochondria by completely preventing the oxidation of TCA metabolites leading to ROS production (Heo et al., 2022). It closely mimics the pathology of sporadic PD in mammals (rat and mice) and non-mammals (Lymnaea stagnalis, fruit flies, Caenorhabditis elegans, and zebrafish) after its exposure               (Fontana et al., 2017, Harrington et al., 2010).
Drosophila melanogaster (fruit fly) is considered as an excellent model for analysing the cause and pathology of neurodegenerative diseases, as it resembles about 75% homology with genes of human beings (Setzu et al., 2024). Drosophila has developed as a good model organism of PD involving either toxin-induced ex. rotenone or genetically (transgenic) linked PD. The existing fly PD models showed the hall marks including behavioural changes and helps to determine pathways involved in PD pathogenesis which could facilitate the development of therapeutic strategies (Muñoz-Soriano et al., 2011). Rotenone exposure for a week leads to locomotor deficits, degeneration of dopaminergic neurons and reduction in levels of dopamine in flies (Manjunath et al., 2013). Moreover, Hosamani and Muralidhara (2009), showed that the exposure of the toxin induced oxidative stress in flies exposed by significant elevation of MDA and hydroperoxide level along with increased activities of catalase, SOD and GST.
[bookmark: _Hlk202608340]PD is considered as a multi-factorial disorder concerning the oxidative stress, mitochondrial dysfunction, inflammation, impaired ubiquitin / proteasome system, glutamatergic toxicity and the activation of apoptosis. Current treatment approaches primarily target motor symptoms but do not halt or slow down disease progression (Majali et al., 2021). Natural products from plants such as phytochemicals have long been valued for their nutritional and health promoting properties (Van et al., 2018).  Plant extracts and phytochemicals are the promising candidates for arresting the progression of PD, due to the numerous of pharmacological properties like antioxidant, autophagic, mitochondrial protective, anti-inflammatory, and anti-apoptotic activities (Tsialtas et al., 2021, Xu et al., 2020).  Quinic acid (QA) is a cyclic polyol comprising numerous hydroxyl groups. Many food products such as coffee, tea, vegetables and fruits are reported to contain QA with its derivatives like phenolic caffeoylquinic acids (Alcázar Magaña et al., 2021). QA has previously reported to possess potent antioxidant and anti-inflammatory properties (Benali et al., 2024, Ghasemi-Dehnoo et al., 2023). However, the protective effect of QA in rotenone mediated drosophila model has not been explored. So, the aim of the experiment is to explore the neuroprotective role of QA against rotenone induced drosophila model of PD by performing behavioural studies and analysing biochemical indices. 
2. MATERIAL AND METHODS
2.1 Drosophila melanogaster stock and culture
The wild-type (Oregon R strain) D. melanogaster were procured from CCMB, Hyderabad, India. They were reared in nutrient medium (2% w/v sucrose, 1% w/v brewer’s yeast, propionic acid, 0.08% v/w nipagin and 1% w/v agar at 22–24°C with 60–70% relative humidity) in 12 h LD cycle.
2.2 Treatment of D. melanogaster with QA and rotenone
Dose dependent study - Phase I
[bookmark: _Hlk190851456]Flies were exposed to various concentration of rotenone (250, 500 and 1000 µM) for 7 days as per previous experiments and the lethality count was made documented as the % of flies survived (Hosamani & Muralidhara 2009). Based on LD50 value (life span test), the dose of rotenone was fixed. To explore the protective effect, various concentrations of QA (25 μM, 50 μM and 100 μM /10 g diet) were exposed to flies for 7 days along with rotenone (LD50) and the maximal protective dose was fixed after analysing life span test on 7th day.  
2.3 Study with fixed dose - Phase II	
The flies were divided into Group I (control – exposed to 5% sucrose and 0.3% DMSO mixed with diet); Group II (toxin - exposed to 500 μM of rotenone mixed with diet); Group III (toxin + drug - exposed to 500 μM of rotenone and 50 μM of QA mixed with diet); Group IV (drug - exposed to 50 μM of QA mixed with diet). 
After the end of the experiment study (7 days), the control and experimental flies were performed for various behavioural assays. Then they were anaesthetized, weighed, homogenized in phosphate buffer (0.1 M, pH 7.4) and centrifuged. Supernatants were used for further assays.
2.4 Open field test
In the open-field test, each control and experimental flies (n = 15) were placed in a petridish (9 cm in diameter), which was divided into 1 cm × 1 cm squares (Hirth et al., 2010). The movement of flies were observed for 60 seconds. The distance travelled was determined by enumeration the n.o of squares crossed in three independent experiments. 
2.5 Negative geotaxis
D. melanogaster (n = 15) from each group were placed at the bottom of a vertical glass vial (15 cm × 1.5 cm) with a cotton plug securing the top. To ensure they gathered at the bottom, the vial was lightly tapped. The time taken for D. melanogaster that successfully flied to the top was individually counted. Three experiments were performed and data were calculated as mean ± SEM.
2.6 Phototaxis
From each group (n = 15), flies were placed in separate vials that are plugged with cotton. To facilitate adaptation to darkness, the flies were kept in a dark for half an hour. Each vial was then attached to another vial using adhesive tape and divided into 3 (I, II & III) labelled compartments. A light source from emergency lamp was positioned near to compartment I for one minute. Distribution of flies in compartments I, II & III were counted and articulated as a percentage. Experiment was repeated three times, and the data were presented as mean ± SEM.
2.7 Smell chemotaxis
This study utilized benzaldehyde as a potent repellent. 15 flies from each group were placed in a vial (15 cm × 1 cm) that was sectioned into 3 (I, II & III) compartments. The vial was plugged with cotton (compartment III) that was soaked in benzaldehyde (100 nM). Distribution of flies across the compartments were counted after a minute and expressed as percentages. The experiment was repeated with three independent groups of flies, and the data were reported as mean ± SEM
2.8 Taste chemotaxis
15 flies from each group were placed in a vial (15 cm × 1 cm) that was sectioned into 3 (I, II & III) compartments. The vial was plugged with cotton (compartment III) that was soaked in sucrose (0.1%) solution. Distribution of flies across the compartments was recorded after a minute and expressed as percentages. The experiment was repeated with three separate groups of flies, and the data were reported as mean ± SEM.
2.9 Thermotaxis
This study involved the use of two vials (15 cm × 1.5 cm). One vial was heated to 45ºC and was attached directly to another vial at room temperature using transparent tape. The connected vials were sectioned into 3 compartments (I, II& III), with compartment III representing the heated area. Distribution of flies across the compartments was recorded after a minute and expressed as a percentage. The experiment was conducted with three independent groups, and the results were presented as mean ± SEM.
2.10 Estimation of biochemical variables
[bookmark: OLE_LINK1]TBARS levels was quantified by the method of Niehaus & Samuelson, (1968). To the brain tissue, TCA was added, centrifuged and supernatant was collected. Then, HCl- TBA mixture was added and kept in a boiling water bath. After cooling, the OD was read at 535 nm. For the assay of carbonyl content of protein (Levine et al., 1990), the brain samples were taken into two parts, (each containing 0.1g of protein), and 2N HCl with and without DNPH were mixed, along with 10% TCA. After 1 hr incubation, centrifuged and to the precipitate, an equal volume of ethyl acetate and ethanol (1:1) was added and mixed with guanidine HCl and the absorbance was read at 360 nm. For assaying the superoxide dismutase activity (Kakkar et al., 1984), the brain homogenates were added with NBT and PMS. NADH was added to induce the reaction and glacial acetic acid for inhibition. n-butanol was added and the absorbance was read at 560 nm. To measure the activity of GST (Habig et al., 1974), the brain homogenate was added with CDNB and GSH. The OD was read at 340 nm. The activity of catalase was assayed by the method of Sinha (1972). To the brain homogenate, phosphate buffer and H2O2 were added. To stop the reaction, dichromate-acetic acid mixture was added at various time intervals and kept in a boiling water bath. After cooling, the OD was measured at 610 nm. For the assay of activity of GPx (Rotruck et al., 1973), brain homogenate was added with GSH, NADPH, and H2O2. After incubation, the OD was measured at 340 nm. For the quantification of the levels of reduced glutathione (Ellman, 1959), brain homogenate were added with DTNB, and was read at 412 nm.
2.11 Determination of Reactive Oxygen Species 
To the brain sample, H₂ DCFDA was added in a 96-well plate. After 45-minutes, fluorescence was measured at 490 nm and 522 nm (Filafero et al., 2022).
2.12 Statistical Analysis
One-way analysis of variance and Duncan’s multiple range test (DMRT) were calculated to study statistical significance within groups (p<0.05). 
3. Results
3.1 Protective role of QA on life span of rotenone exposed flies 
[bookmark: _Hlk208651279]Rotenone treatment diminished the survival rate (%) in a dose and time dependent manners as compared to control flies. Exposure to middle dose (500 µM) of rotenone for 7 days showed approximately 50 % death in flies and used for further studies (Figure. 1).  
[bookmark: _Hlk194611730] Rotenone treatment diminished the survival rate (%) as compared to control flies. Co-exposure of QA enhanced the survival rate of rotenone exposed flies as compared with rotenone alone exposed group. As there is no significant difference were found between high dose (100 µM) and medium dose (50 µM) of QA and rotenone co-exposed group, medium dose (50 µM) is considered as the optimum dose for further experiments. No significant alteration of the survival rate was found between QA alone treated flies as compared to group I flies (Figure. 2).
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Figure 1: Dose and time dependent effect of rotenone on life span of flies. All the values are expressed as mean ± SEM; n=50, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
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Figure 2: Dose dependent protective effect of QA on rotenone induced viability in flies. All the values are expressed as mean ± SEM; n=15, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
3.2 Efficacy of QA on Open field test of rotenone exposed flies
In open-field test, rotenone exposure induced significant decrease in the n.o. of crossings when compared with normal flies and that this effect was attenuated by the co- treatment of QA. No significant alterations in locomotion were found between QA alone exposed and control group (Figure.3).
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[bookmark: _GoBack]Figure 3: Effect of QA on rotenone induced loco motional deficit in flies. All the values are expressed as mean ± SEM; n=15, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)

3.3 Role of QA on negative geotaxis assay of rotenone exposed flies
The result of negative geotaxis assay indicated that the climbing ability or flying on top was reduced in the rotenone exposed flies as compared to control flies (Figure. 4). Rotenone toxicity was evident by the increased climbing time (seconds). On QA cotreatment, numerous flies demonstrated the negative geotaxis behavior as evidenced by their reduced climbing time, showing a neuroprotective effect of the cyclic polyol. No significant modification in climbing time was observed between QA alone exposed flies as compared to control group.
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Figure 4: Effect of QA on rotenone induced movement deficit in flies. All the values are expressed as mean ± SEM; n=15, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
3.4 Role of QA on cognitive function of rotenone exposed flies
Figure 5 A,B,C,D – revealed the behavioural alterations in smell and taste chemotaxis, phototaxis and thermotaxis of control and experimental flies. Numerous control flies were supposed to move away from the irritating odour of the benzaldehyde (compartment 3) as observed by their movement from 3rd compartment to 1st compartment (smell chemotaxis) as compared to rotenone treated flies (most of them remained in 3rd compartment). Significantly enhanced movements from 3rd compartment to 1st compartment were found in QA+ rotenone treated flies as compared with rotenone alone exposed flies. Several flies from control group move closer to the cotton plug soaked with sucrose solution (compartment III) when compared to the lesser movement of rotenone exposed flies to compartment III  The response of QA cotreated flies was similar to the locomotion of group I flies.
In phototaxis, numerous normal flies are move or tend to move closer towards compartment I, where light source is placed nearby. Rotenone exposure reduced this response significantly when compared to group I flies. Large number of rotenone treated flies were found in compartment II. But more and significant QA+ rotenone treated flies were found in compartment I when compared to rotenone exposed flies. In thermotaxis assay, more number control flies tend to move away from the hot surface (compartment III) to the compartment I and II as compared to rotenone treated flies. But there is a reversion in rotenone + QA treated flies when compared to group II flies. Invariably QA alone exposed flies showed similar types of behaviour in above said indices as control flies.
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Figure 5 A,B,C,D: Effect of QA on rotenone induced cognitive deficits in flies. All the values are expressed as mean ± SEM; n=15, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
3.5 Efficacy of QA in modulating oxidative stress of rotenone exposed flies
Flies exposed with rotenone showed a significant increase in levels of ROS, TBARS and protein carbonyls (Figure. 6 A,B and C) as compared with group I flies. The co-exposure of QA significantly attenuated the neurotoxin mediated oxidative stress as proved by reduction in above said parameters in co-treated flies as compared to rotenone alone treated flies. No significant change in oxidative stress related indices was found between QA alone exposed flies as compared to control group.
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[bookmark: _Hlk194618411]Figure 6 A,B,C: Effect of QA on rotenone induced the levels of oxidants in flies. All the values are expressed as mean ± SEM; n=30, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
3.6 Antioxidant effect QA on the levels of GSH and activities of enzymic antioxidant 
Rotenone exposure for 7 days induced a significant reduction in GSH levels (Figure.7A) and enhancement in the activities of enzymatic antioxidants such as SOD, catalase and GST (Figure. 7 B,C and D) of flies as compared to control flies. Co-exposure of QA partially restored the levels of GSH and activities of enzymatic antioxidants due to their potent antioxidant functions. QA per se treatment for 7 days slightly but not significantly altered the levels of GSH and activities of antioxidants in whole body homogenate as compared with group I flies.
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Figure 7 A,B,C, D: Effect of QA on rotenone induced reduction in the levels and activities of antioxidants in flies. All the values are expressed as mean ± SEM; n=30, values not sharing the same alphabet differs significantly (p<0.05); ANOVA followed by Dunken’s test)
4. Discussion 
The present investigation studied the neuroprotective role of QA against rotenone model of Drosophila by investigating behavioural, cognitive and biochemical indices.  Pre exposure of QA in diet dose dependently enhanced the lifespan of rotenone treated flies as compared with the rotenone alone exposed flies, indicating the anti-aging activity. Zhang et al., (2012) demonstrated the antiaging effect by diminishing oxidative stress and enhancing the expression of antioxidant, stress resistant and life span regulating genes in Caenorhabditis elegans. In vitro studies by Oh et al., (2020) indicated the protective effect of 3,5-Dicaffeoyl-epi-quinic acid, a derivative of QA against UVA-radiation in human dermal fibroblasts and HACAT keratinocytes by diminishing oxidative stress and proinflammatory response and enhancing antioxidant enzyme by increased expression of nuclear factor‑like 2 (Nrf2). Sharawy et al., (2025) showed that the galloyl quinic acid derivative offered the antiaging and skin whitening activities in in vitro biochemical experiments. 
[bookmark: _Hlk202608990]Initially PD is considered as a motor disorder, but now, there is an increasing concentration on non-motor symptoms (NMS). As cognitive dysfunction particularly dementia is a common form of NMS, it decreases the quality of life (Fang et al., 2020). Negative geotaxis is natural escape behaviour of the flies that tapped to the bottom and in hope to escape, they will fly or climb in container. This test is used as an vital indicator to evaluate the response of toxic substances on movement and exploratory behaviour in flies (Musachio et al., 2020). The decreased capability to climb induced by the rotenone toxicity indicated not only the deficits in the negative geotaxis but also of reflexes and muscle tone. This toxin damages dopaminergic neurons, thus resulting in behavioral impairments, which can be quantified by negative geotaxis assay (Dauer et al., 2003). QA co-exposure improved the climbing ability of flies and thus enhanced innate negative geotaxis response may be by improving reflexes, locomotion and exploratory behaviour. Kilnic et al., (2022) demonstrated the synergistic anti-apoptotic role of QA and L-DOPA on rotenone induced in vitro model of PD. The open field test is performed to determine the exploratory activity of the flies in a new environment, where a reduced number of crossings was detected with rotenone exposure. Alterations in AChE activity is responsible for diminished  exploratory behaviors in open field test (Fernandes et al., 2021). Farombi et al. (2019), and Kumar et al., (2020) demonstrated that altered AChE activity was found in rotenone induced D. melanogaster model of PD. In this study, we found that QA attenuated the rotenone-induced reduction in movement of the flies. Liu et al., (2020) indicated that oral administration of QA along with AlCl3 rescued AChE activity and the behavioral impairments induced by aluminium.
Previous studies showed that the fruit flies are behaviourally sensitive to light (phototaxis) (Hardie et al., 2012), temperature (thermotaxis) (Hamada et al., 2008), chemical odors (smell chemotaxis) (Touhara and Vosshall, 2009) and tastants (taste chemotaxis) (Weiss et al., 2011).  The sense of these stimuli is carried by vision, smell (olfaction), taste and thermosensor. The responses may be either towards or outwards movement depending on the nature and the intensity of the stimulus (Vang et al., 2012). D. melanogastor are impulsively phototaxic phototaxis (Hirsch and Boudreau 1958), and a chance is given in between a light or a dark lane, flies are tend to choose often the light area (Le et al., 1955). In our study, the PD flies showed less attraction towards light source, whereas QA exposure exhibited more attraction in phototaxis assay. Previous studies reported that the plant products able to enhance the memory of several experimental models (Richetti et al., 2010, Xu et al., 2018, Siddique et al., 2009).  Results of the present study showed the protective effect of QA.
The fruit flies also vigorously pursue food-related odorants (Semmelhack and Wang, 2009, Wang et al., 2003), and evade many volatiles, which are either indication of danger or highly concentrated (Gao et al., 2013). Olfactory dysfunction is a main symptom of brain damage linked with PD (Avanipully et al., 2022). Insects are more sensitive to volatile substances because of their well-developed olfactory sensory systems. These permit them to sense and retort to various concentrations of several odorants (Störtkuhl et al., 2005). In the present study, the olfactory responses of flies were studied by placing an aversive odorant, Benzaldehyde and attractant sucrose. Hyposmia is considered as one of the symptoms of presymptomatic PD (Doty et al., 2012). The rotenone exposed PD flies demonstrated the less deviation from benzaldehyde and attraction from sucrose, whereas QA treatment enhanced these olfactory and taste receptor functions.
As a poikilothermic organism, flies are capable of sensing and responding suitably to temperature changes in its environment to preserve body temperature (Bellemer, 2015). Thermotactic behaviour of flies are aversive movement – the capability of them to move away from the thermal stimuli (Huda et al., 2022). The rotenone exposed PD flies showed the less aversive behaviour for thermal stimuli, whereas QA treatment attenuated this behaviour. Drosophila have distinct set of dopaminergic (DA) cells. They were symmetrically dispersed and found as multiple clusters (Whitworth et al., 2006, Mao et al., 2009). Like the mammals, DA system not only controlled locomotion but also complex behaviours like sleep, learning, olfaction and memory (Yamamoto et al., 2014). In rotenone exposed group, dopamine is not available due to the loss of dopaminergic neurons, the flies exhibit cognitive impairments, which is evidenced by loss of attractant behaviour towards taste chemotaxis and aversive behaviour towards smell chemotaxis, thermal and light stimuli. The rotenone treated flies exposed to QA attenuated the alterations in memory, olfaction, attractant and aversive behaviours in smell and taste chemotaxis, phototaxis and thermotaxis may be due to protection of dopaminergic neurons. QA in combination with L-DOPA attenuated the SH-SY 5Y against rotenone toxicity by its antiapoptotic effect (Berry et al., 2008). This is evident by the increased locomotion and other cognitive activities in the PD flies exposed to QA. 
The oxidative stress and antioxidant related markers such as thiobarbituric acid reactive substances (TBARS, a product of lipid peroxidation), protein carbonyl (PC, an early marker of protein oxidation), ROS, SOD, catalase, GSH and GST were estimated in the study. Rotenone inhibited the mitochondrial complex I that can resulted in enhanced formation  of free radicals and subsequently, leading to increased lipid peroxidation i.e. TBARS generation in Drosophila,(Arumugam et al., 2018, Siddique et al., 2009) which is corroborated with our results. Kwon et al., (2016) indicated that QA exhibits antioxidant properties by reducing intracellular ROS levels in PC12 cells exposed to hydrogen peroxide. Enhanced oxidative stress and reduced proteasomal activity leads to increased levels/ accumulation of PC during neurodegenerative disease/aging processes (Butterfield and Sultana, 2011). Proteins altered by ROS are not only resilient to proteolysis but it diminished protease activity (Dalle- Donne et al., 2005). Rotenone exposure induced the levels of PC indicating that the flies were affected by oxidative stress. Reduced levels of protein carbonyls found in QA co-exposed flies suggested its ability to slow down the process of oxidative stress.
 The augmentation in the SOD and catalase activities along with the depletion of GSH after rotenone exposure clearly indicates the oxidant-antioxidant imbalance in drosophila,(Arumugam et al., 2018, Siddique et al., 2009). In flies, ROS-induced damage were protected by the activity of enzymatic antioxidants (SOD/catalase) and/or non-enzymatic antioxidants (GSH) (Missirlis et al., 2001). In co-exposure group, flies showed a significant increment in the activities of enzymatic antioxidants proving the potent antioxidant activity of QA. QA exposure normalized the reduced GSH levels in rotenone treated flies. Additionally, studies have shown that phenolic derivatives of quinic acid possess strong antioxidant properties (Roesler et al., 2007, Yang et al., 2013). However, while these derivatives contain a phenolic ring, quinic acid itself has a cyclohexane structure, which is chemically more stable. Despite the presence of hydroxyl (OH) groups in quinic acid's structure, the lack of an aromatic ring negatively impacts its antioxidant properties.
GST is a vital phase II metabolic enzyme, that induces the transfer of GSH to reactive electrophiles, thereby mitigating oxidative stress (Trinih et al., 2008). Rotenone reduces the GST activities due to its pro-oxidant properties, whereas the induction of GST activity by QA may be due to its potent antioxidant function and also in protecting the dopaminergic neuronal loss as mentioned previously (Whitworth et al., 2005). The results collectively highlight the antioxidative effects of QA in the fly model. Although no experiments  involved in studying  the BBB penetration of QA, few studies indicated the protective effect of  QA against aluminum chloride-induced memory deficit (Liu et al., 2020) and stress hormone-induced depressive behavior (Lim et al., 2020). Gallic acid and protocatechuic acid, the metabolites of QA  were found in brain tissues after repeated oral exposure (Ferruzzi et al., 2009; Zhang et al., 2011). Among the several pathogenic processes thought to involved in the degeneration of dopaminergic neurons, oxidative stress and inflammation were taken centre stage due to their toxicity.  The results of the present study and other experiments proved the neuroprotective effect of QA may be due to its antioxidant (Rebai et al., 2017) and anti- inflammatory properties (Lee et al., 2018).

5. Conclusion 
The results of the present study indicated that the rotenone exposure reduced longevity and cognitive functions and enhanced oxidative stress in Drosophila. QA co-exposure attenuated these changes may be partly due to its potent antioxidant property. Further research in various in vitro and in vivo models are needed to understand molecular mechanism and prove the neuroprotective role of QA.
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