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Summary: Parkinson disease (PD) and Alzheimer’s disease (AD) are progressive neurodegenerative disorders characterized 

by loss of selective neurons in discreet part of the brain. The peptide angiotensin II (Ang II) plays significant role in 

hippocampal and striatal neurons degeneration through the generation of reactive oxygen species. Blockade of the 

angiotensin converting enzyme or ATI receptors provides protection in animal models of neurodegenerative diseases. In the 

present study, the neuroprotective effect of captopril was investigated in Drosophila melanogaster model using the UAS-

GAL4 system to express the synuclein and Aβ42 peptide in the flies’ neurons. The disease causing human Aβ42 peptide or 

α-syn was expressed pan-neuronally (elav-GAL4) or dopamine neuron (DDC-GAL4) using the UAS-GAL4 system. Flies 

were either grown in food media with or without captopril (1, 5, or 10µM). This was followed by fecundity, larva motility, 

negative geotaxis assay (climbing) and lifespan as a measure of neurodegeneration. Elav-Gal4<Aβ or DDC-GAL4<α-syn 

flies displayed a significant decrease in larva motility when compared with normal control (w1118) which was reversed by 

the supplementation of the media with captopril (5 or 10 mM) indicative of neuroprotection. Interestingly, supplementation 

of flies’ media with captopril improved climbing activity in Elav-Gal4<Aβ or DDC-GAL4<α-syn flies when compared with 

vehicle-treated only. Moreover, flies grown on captopril caused no significant change in lifespan. Findings from this study 

confirmed the neuroprotective action of captopril in genetic or familial forms of neurodegeneration.  
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INTRODUCTION 
 

Neurodegenerative diseases represent a major threat to 

human health. These age-dependent disorders are becoming 

increasingly prevalent, in part because the elderly 

population has increased in recent years (Wyss-Coray, 

2016). Extracellular deposits of Aβ and intraneuronal tau 

inclusions denote AD while intracellular inclusions of α-

synuclein make up the Lewy pathology of PD (Jaiswal et al., 

2012). Overexpression of these mutant proteins can give rise 

to disease-associated phenotypes (Jaiswal et al., 

2012).  Better elucidation of the cellular mechanisms for 

clearance of abnormal/misfolded proteins and of the effects 

of toxic protein accumulation on neuronal survival may 

allow the development of effective treatment for these 

disorders (Abeliovich and Gitler, 2016). 

 Various animal and cell culture models of PD and AD 

have been developed and have substantially contributed to 

the understanding of disease pathogenesis, however, none 

of the existing models fully recapitulates all pathological 

features of PD and AD, and each model provides 

opportunities to investigate certain aspects of the disease. 

Albeit, the UAS-Gal4 system allows for the definition of 

which cells are expressing a particular gene or its product 

and is a useful tool in investigating PD and AD. Drosophila 

melanogaster which have been genetically engineered to 

express the Gal4 gene in a particular section of tissue can be 

used in the study of PD and AD (Duffy, 2002; Bier, 2005. 

The fly genome is smaller with substantially less gene 

redundancy than that of mammals, while it contains 

homologs of approximately 70% of human disease-related 

genes. In this study, we characterized the physiological 

effect of overexpression of amyloid-β or α-synuclein in the 

nervous system of Drosophila melanogaster using the 

upstream activation sequence (UAS)/yeast transcriptional 

activator binding to UAS (GAL4) system (Duffy, 2002; 

http://www.njps.physiologicalsociety.com/
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Ishola et al., 2021). The transgenic flies over-expressing 

amyloid-β or α-synuclein in the nervous system showed a 

moderate decrease in locomotor activity and median 

lifespan of adult flies. Amyloid-β protein precursor (AβPP) 

and the microtubule-associated protein tau (MAPT) are the 

two key players involved in Alzheimer's disease (AD) and 

are associated with amyloid plaques and neurofibrillary 

tangles respectively, two key hallmarks of the disease 

(Jucker and Walker, 2013). Drosophila models have been 

widely used to understand the complex events leading to AD 

in relation to aging (Ishola et al., 2021). Similarly, genetic 

and environmental risk factors are associated with PD. The 

genetic factors includes about 20 genes, such as SNCA, 

parkin, PTEN-induced kinase1 (pink1), leucine-rich repeat 

kinase 2 (LRRK2), ATP13A2, MAPT, VPS35, and DJ-1, 

whereas the environmental factors consist of oxidative 

stress-induced toxins (Adams et al., 2000; Abeliovich and 

Gitler, 2016). Drosophila melanogaster has emerged as an 

excellent model organism to study both environmental and 

genetic factors associated with PD, Thus, provide insights 

to the pathways relevant for AD and PD pathogenesis, 

facilitating development of therapeutic strategies. 

 The brain RAS is implicated in neurodegenerative 

disorders including PD and AD (Liao et al., 2014). In 

humans, Angiotensin converting enzyme activity is 

increased in the cerebrospinal fluid of PD and AD patients 

which is thought to reflect a response to increased brain 

inflammation (Schulz and Heusch, 2006). A genetic 

polymorphism in the ACE gene is associated with increased 

risk of PD (Huo et al., 2017). Moreover, inhibition of the 

angiotensin-converting enzyme (ACE) by a centrally acting 

ACE inhibitor retards symptoms of neurodegeneration, 

Abeta plaque formation and tau hyperphosphorylation in 

experimental models of AD (Quitterer and AbdAlla, 2020).  

Blockade of ACE, using captopril has been shown to exert 

neuroprotective effects in the striatum (Sonsalla et al., 

2013). The purpose of the present study was to examine the 

neuroprotective effects of the ACE inhibitor captopril in an 

acute as well as a progressive neurodegeneration in 

Drosophila melanogaster model of PD and AD.     

 

MATERIALS AND METHODS 

 

Drugs and chemicals: Captopril (Alpa Laboratories ltd. 

India), diethyl-ether (Guangdong Guangbua sci. Tech CO. 

Ltd. China), sugar, corn flour (Benchmark foods and Spices 

Ltd, Lagos state, Nigeria), yeast (STK industries Ltd, 

China), agar (Himedia Laboratoies Pvt. Ltd, Mumbai, 

India), malt (Sigma Aldrich, Germany), propanoic acid 

(LOBA Chemie Laboatory Reagents & fine chemicals , 

Mumbai, India), methyl-p-hydroxy benzoate (LOBA  

Chemic Laboratory Reagents & fine chemicals , Mumbai, 

India), orthophosphoric  acid (Thermo Fischer Scientific 

India pvt, Ltd, Mumbai,  India),  phosphate buffered saline 

(Gibco Technologies,USA). 

 

Fly Stocks and Culture: Wild type W118, ELAV-gal4/FM, 

UAS-Aβ42/TM3, Ddc-Gal4/TM3, UAS-α-synuclein/CyO,  
and Caxton S (Cs) flies were obtained from Dr. Rakesh 

Mishra Drosophila Laboratory, Centre for Cellular and 

Molecular Biology, Hydrabad. India. Flies strains were 

maintained on standard cornflour, malt, yeast, sugar, 

orthophosphoric acid, propionic acid and agar at 26±2°C 

with 60-75% relative humidity and a 12h light/dark cycle 

 

Construction of Aβ42 and α-synuclein transgenic 

Drosophila models: To construct the UAS-Aβ42/TM3 or 

UAS-α-synuclein/CyO transgenic Drosophila, respectively, 

with Elav-GAL4/FM or Ddc-Gal4/TM3 genetic 

background. Virgin females of Elav-GAL4/FM or Ddc-

Gal4/TM3 were mated with UAS-Aβ42 or UAS-α-synuclein 

transgenic Drosophila, respectively. Elav-Aβ42 and Ddc-α-

synuclein Drosophila were collected within 48 hours for 

lifespan or behavioural assays (Ishola et al., 2021).  

 

Fecundity assay: Fecundity, also known as reproductive 
rate is a measure of the number of offspring produced by 

an organism over time. Assessment of fecundity allows 

monitoring of the effect of captopril on reproductive 

activity. Parameters recorded include, the number of eggs 

laid, number of dark pupa and the number of flies that 

emerged from the dark pupa through the course of the study.  

Cs fly strain was used; male and female mated at a ratio of 

1:2 (5 males to 10 females) n=3 vials per group. The canton-

special (CS) strain was used for fecundity studies. The 

fecundity    assay began at 24 hours after mating. The 

number of eggs laid was counted every 24/48h by viewing 

under the stereomicroscope until the dark pupa as well as 

the number of flies that emerged from each vial were 

recorded. 

 

Larval Motility: Third instar larvae were removed from 

their individual medium, after a quick wash in distilled 

water, twenty larvae from each group, comprising media 

only, media supplemented with captopril (1, 5, or 10µM) 

(n=3 vials) were gently placed on 2%w/v agar slabs in 

245mm×245mm square petri-dishes using a small paint 

brush; all on the surface of a 2B sheet with partitioned 

square boxes measuring 0.5cm by 0.5cm. The larvae was 

allowed to acclimatize for one minute and the number on 

line crosses in one minute was recorded.  

 

Collection of female virgins: Collection of female virgins 

is easy. Females remain virgins for only 8-10 hours after 

eclosure and must be collected within this time frame. To 

obtain virgin flies, flies were anaesthetized using diethyl 

ether, after which they were placed under the 

stereomicroscope and the female virgins separated and 

collected. 

 

Larval Motility Assay: The desired number of individual 

larva were collected, washed in phosphate buffered saline 

and transferred to a petri dish containing freshly prepared 2 

% Agar  (previously poured and allowed to solidify) and 

placed over a 2B paper with a 0.1cm2 grid. Flies were left to 

acclimatize for a minute, until the desired number of larva 

has been counted. Female virgin flies of the DDC-Gal4/+ 

strain were crossed with male flies of the UAS-syn strain in 

the ratio 2:1, also female virgins of the Elav-Gal4/+ strain 

were crossed with UAS-Aβ in the ratio 2:1. On the 4th or 5th 

day of crossing, larva assessment was taken. The fly 

crossings used to larva motility are Elav<Aβ and DDC<syn, 

with Elav<W1118, DDC<W1118 as negative control 

(Ishola et al., 2021). 

https://biologydictionary.net/organism/
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Negative Geotaxis Assay: To assess climbing behavior, 20 

adult flies were placed at the bottom of a clean vial and 

second identical vial placed above. The bottom vial was 

labeled per centimeter. After 8 seconds, the number of flies 

that passed the 8cm mark was compared over time with the 

proportion of the control flies. The climbing behavior for a 

cohort of flies was followed periodically for 28days. The 

crossings used to assess this stringent assay were the 

Elav<Aβ and DDC<syn, with Elav<W1118, DDC<W1118 

as negative control (Ishola et al., 2021). 

 

Longevity Assay: The longevity of a population of flies 

provides a robust estimate of their general health. It allows 

monitoring of the effect of genotype, environment or drug 

as Drosophila melanogaster survival throughout its 

lifespan. Twenty (20) male/ female flies expressing the gene 

of interest were placed on standard fly meal at regulated 

temperature (18 -23ºC). The flies were counted every 2 days 

and transferred to new vials. At each time point, the number 

of flies that were observed to die and those that were lost to 

follow-up (for example, flies that escaped or were 

accidentally killed) were counted until the last fly in the vial 

died (Ishola et al., 2021)s.  

Statistical Analysis 

Data analyses were performed using GraphPad Prism 

software (GraphPad Software, Inc.). Results were expressed 

as mean and standard deviation values. One-way ANOVA 

was adopted for column analysis, while the grouped data 

were analyzed with the Two-way ANOVA. The results were 

analyzed by Tukey’s Post hoc multiple comparison test. 

 

RESULTS 

 

Fecundity Assay 

A ratio of 1:2 of Canton S strain of flies (5 females: 10 

males) were grown on normal feed and captopril 

supplemented feed media (1, 5 and 10 mM). Post hoc 

analysis revealed significant decrease in the number of eggs 

laid [F(3,20)=16.79,P<0.001] (Fig. 1a),  dark pupa 

[F(3,20)=5.15,P<0.01] (Fig. 1b) and eclosion 

[F(3,20)=4.34,P<0.05] (Fig. 1c) by captopril 10mM. 

 

Larva Motility Assay 

 

Effect of captopril on larva motility in synuclein 

expressing flies.: One way ANOVA revealed significant 

effect of treatment [F (4,42)=3.84; P < 0.01]. moreover,  

Post hoc analysis showed that DDC-GAL4 > α-syn flies 

grown on normal food media showed significant deficit in 

locomotor activity. However, supplementation of media 

with captopril (5 or 10 mM) produced significant increase 

in larva locomotion activity in comparison with food media 

only (figure 2).  
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Figure 1:  

A-C: Effect of captopril on (A) number of eggs laid 

(B) dark pupa (C) the number of adult flies that 

emerged in the fecundity assay. Bar diagram 

represents mean ± SD; *P <0.05 versus control, # P 

<0.05 versus captopril 1 mM.  One-way ANOVA 

was used for statistical analysis followed by 

Tukey’s post hoc multiple comparison test. 
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Figure 2:  

Effect of captopril on the number of line crosses in UAS-syn < 

DDC-Gal4 larva. Values are expressed as mean ± SD. ##P<0.01 

versus w1118; *P<0.01 versus SYN×DDC control; **P<0.01 

versus SYN×DDC; bP<0.01 versus 1mM captopril. Statistical level 

of significant analysis by one-way ANOVA, followed by Tukey’s 

multiple comparison test. 

 

Effect of captopril on larva motility of Aβ expressing 

flies: Post hoc analysis showed that there was no significant 

change in the number of line crosses in UAS-Aβ < elav-

Gal4 larva compared to control. Moreso, there was no 

significant difference in the number of line crossings in 

larva cultured on captopril supplemented feed media (1mM 

and 5mM) in comparison with the control. However, 

captopril (10mM) caused significant increase [F 

(4,45)=3.11; P<0.01] in number of line crosses in UAS-Aβ 

< elav-Gal4 larva (AD model) compared to those cultured 

in vehicle media (Fig. 3).  

 

 
Fig 3: Effect of captopril on number of line crosses in UAS-

Aβ < elav-Gal4 larva. values are expressed as mean ± 

SD.*p<0.05 versus Aβ×Elav control, bP<0.05 versus 

captopril 1Mm. Analysis  was  done  by  one-way  ANOVA 

followed  by  Tukey’s  multiple  comparison  test. 

 

Climbing Assay 

Effect of captopril on climbing in Aβ expressing flies: 

Two-way ANOVA revealed significant effect of treatments 

on climbing activity [F(3,40)=30.56,p<0.001] (Fig.4). Post 

hoc analysis showed time course decrease in climbing 

activity with peak effect at day 28. The decline in climbing 

activity induced by overexpression of Aβ pan-neuronally 

was ameliorated in Aβ×Elav flies grown in media 

supplemented with   captopril (5 and 10mM)  (Fig. 4).  

 

Effect of captopril on climbing in synuclein expressing 

flies: Two-way ANOVA revealed significant effect of 

treatments on climbing activity [F(3,40)=31.16,p<0.001] 

(Fig.5). Post hoc analysis showed time course decrease in 

climbing activity with peak effect at day 28. The decline in 

climbing activity induced by overexpression of synuclein in 

dopamine neuron was ameliorated in syn×DDC flies grown 

in captopril (5 and 10mM) supplemented media  (Fig. 5). 
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Figure 4:  

Effect of captopril on the climbing ability of Aβ expressing flies. Bar chart represents mean ± SD; (aP <0.05, bP<0.05) versus 

Aβ × elav control. Data were analysed by two-way ANOVA followed by Tukey’s post hoc multiple comparison test. 
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Figure 5:  

Effect of captopril on the climbing ability following synuclein overexpression in dopamine neuron in flies. Bar chart 

represents mean ± SD; #P < 0.05, ##P < 0.01 versus day 7 in syn×ddc control; aP<0.05; bP < 0.01, cP < 0.001versus respective 

days in Syn× ddc control.  Data was analysed by two-way ANOVA followed by Tukey’s multiple comparison test.  

 

 

Longevity assay 

 

Two-way ANOVA revealed significant effect of treatments 

on lifespan [F(3,18)=5.95,P<0.0] (Fig. 6) in Cs flies. CS 

flies grown on feed media supplemented with captopril 

5mM concentration showed a slight increase in the number 

of surviving flies while flies cultured on 10mM feed media 

showed a significant improvement in the number of 

surviving flies when compared to CS flies cultured on 

normal feed (Fig. 6). 

 

n
u

m
b

e
r
  

o
f 

s
u

rv
iv

in
g

  
fl

ie
s

1 2 3 4 5 6 7

0

5

1 0

1 5

2 0

2 5

C O N T R O L

C A P  1 m M

C A P  5 m M

C A P  1 0 m M

W e e k s

 
 

 

DISCUSSION 

 

In this study, synuclein expressing flies replicated several 

features of human PD, including locomotor dysfunction, 

lewy body like formation and age-dependent loss of 

dopaminergic neurons. Treatment of synuclein expressing 

flies with captopril (1mM, 5 mM and 10 mM) for a period 

of 28 days showed a dose- dependent increase in the number 

of line crosses in the larva motility assay when compared to 

the pathologic model (synuclein expressing flies), and thus, 

indicating the potential neuroprotective role of captopril in 

PD. The mechanism by which ACE inhibitors provide 

neuroprotection in PD may involve an attenuation of AngII 

effect on ATI receptors. Considerable evidence suggests 

that reducing AngII actions on ATI receptors reduces 

oxidative stress, neuronal loss and neuroinflammation by 

inhibition of ATI receptors.  

One of the distinguishing characteristic features in 

Parkinson’s disease is the loss of dopaminergic neuron and 

the aggregation of lewy bodies (Spillantini et al.,1998) in 

the substantia nigra while that of  Alzheimer’s disease  is  

the aggregation of Aβ peptides at specific brain regions 

which have been implicated in  the  pathogenesis of AD 

(Selkoe, 2011). These proteins are neurotoxic proteins and 

can result in the loss of brain neurons which are involved in 

motor coordination. Several studies have shown association 

between ACE-I and a decrease in the incidence of PD (Gao 

et al., 2017; Perez-Lloret et al., 2017). Moreso, in vitro 

studies revealed that Angiotensin II (Ang II) induced 

apoptosis of dopaminergic neurons through its type 1 

receptor (AT1R) (Gao et al., 2017). Similarly, captopril 

ameliorate MPTP-induced PD in mice (Yazdani et al., 2006; 

Sonsalla et al., 2012), thus confirms the neuroprotective 

effect of captopril provides neuroprotection.  

 An increase or decrease in drosophila fertility could be 

due to several reasons, including temperature variations or 

other regulating factors which could result in increase or 

decrease in; number of eggs laid by mated female flies, 

hatchability and/ or mortality of laid eggs during 

development (Ram and Wolfner, 2007). Fecundity assay is 

a test that provides a knowledge of flies’ potential to 

reproduce. Examination of fecundity in CS strain cultured 

on normal and those on feed supplemented with captopril 

showed that there was a decrease in the number of eggs as 

the concentration  increased  from 1mM to 10mM,  though 
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this decrease  was not significantly different  from  that of  

control. However, at   the highest concentration (10mM), 

there was a significant decrease in the number of eggs laid, 

dark pupa and eclosion suggestive of possible impact of 

captopril on flies’ fertility.   

 Several studies have also demonstrated an association 

between ACE-I and a decrease in the incidence of AD (Zou 

et al., 2007; Abdalla et al., 2013; Bernstein et al., 2014). 

However, despite the beneficial effects of ACE-I on AD, 

studies on the effect of ACE-I remain inconsistent and 

unclear.  Since flies do not endogenously produce Aβ 

peptides, Aβ is produced by transgene expression thus 

allowing the exploration of the amyloidogenic pathway 

through which captopril acts. In this present study, Aβ 

expressing flies showed significantly impaired motor 

function.  Treatment of Aβ expressing flies with various 

concentrations of captopril showed more improvement in 

the larva motility compared to control. This result suggests 

that captopril may play an important therapeutic role.   

Aging is a phenomenon that results in steady physiological 

deterioration in nearly all organisms in which it has been 

examined. Individual aging is manifest at the population 

level as an increase in age-dependent mortality, which is 

often measured by observing life span in age-matched flies. 

Life span assay in Drosophila provides the link between 

insect ACE and longevity (Liao et al., 2014; Kumar et al., 

2016) and depends on strict regulation of nutritional and 

environmental conditions. Measurement of lifespan in 

Canton S (CS) fly strain cultured on normal feed and those 

on feed supplemented with captopril showed that there was 

a slight increase in the lifespan at the 10mM concentration 

of captopril but there was no significant change in lifespan 

when compared to control. 

 In conclusion, the present study showed that captopril 

improves locomotor activity and confers a neuroprotective 

effect in Drosophila possibly through inhibition of amyloid 

beta or alpha synuclein protein aggregation. Thus, could be 

a potential adjunct in the management of neurodegenerative 

diseases. 
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