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Abstrakt  

Univerzita Karlova v Praze 

Farmaceutická fakulta v Hradci Králové 

Katedra farmaceutické chemie a kontroly léčiv 

Studentka: Marie Baďurová 

Školitel: Prof. Jorge Miguel de Ascenção Oliveira, Ph.D. 

             Prof. PharmDr. Martin Doležal, Ph.D. 

Konzultant: Brígida Ribeiro Pinho, Ph.D. 

Název diplomové práce: Ovlivňování dynamiky mitochondrií při Parkinsonově 

chorobě 

 

Parkinsonova choroba je jedno z nejčastějších neurodegenerativních 

onemocnění na světě. Stále není známo, jak tuto chorobu vyléčit. Existují pouze 

prostředky, které pomáhají redukovat symptomy Parkinsonovy choroby. Mezi 

patologické mechanismy, které souvisejí s Parkinsonovou chorobou, patří 

mutace některých genů (jako α-synuclein, Parkin, PINK1) a existuje také 

spojitost mezi mitochondriální dysfunkcí a Parkinsonovou chorobou. Bylo 

prokázáno, že nadměrná mitochondriemi vyvolaná apoptóza může vést k 

neurodegeneraci. Cílem naší práce bylo otestovat léčivo mdivi-1 (mdivi), které 

působí jako inhibitor mitochondriálního dělení a předchází mitochondriemi 

vyvolané apoptóze. Mdivi-1 se selektivně váže a inhibuje s dynaminem 

asociovaný protein 1 (DRP1), který mitochondrie potřebují při dělení a inhibicí 

vnější membrány znemožňuje uvolnění pro-apoptotického mediátoru 

cytochromu c. Chtěli jsme otestovat jeho na koncentraci závislé účinky na 

modelovém organismu, larvách Dánia pruhovaného (Danio rerio), a zda-li 

dokáže odstranit Parkinsonské příznaky. K vyvolání Parkinsonovy choroby jsme 

použili toxin 1-methyl-4-fenylpyridinium (MPP+). Larvy jsme vystavili od 3. dne 

po oplození do 5. dne účinkům MPP+ v kombinaci s nebo bez různých 

koncentrací mdivi. Zjistili jsme, že 1 µM mdivi a 0.3 µM mdivi nejsou pro larvy 

škodlivé. Naše výsledky ukazují tendenci ke zlepšení příznaků Parkinsonovy 

choroby u larev Dánia pruhovaného při 1 µM mdivi, ale ne u 0.3 µM mdivi. Jsou 

nutné další studie, aby se plně potvrdily účinky mdivi u tohoto modelu. 
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Abstract 

Charles University in Prague 

Faculty of Pharmacy in Hradec Králové 

Department of Pharmaceutical Chemistry and Drug Control 

Student: Marie Baďurová 

Supervisor: Prof. Doutor Jorge Miguel de Ascenção Oliveira 

                   Prof. PharmDr. Martin Doležal, Ph.D. 

Co-advisor: Dr. Brígida Ribeiro Pinho 

Title of diploma thesis: Modulation of mitochondrial dynamics in Parkinson’s 

disease 

 

Parkinson’s disease (PD) is one of the most common neurodegenerative 

diseases in the world. How to cure this illness still remains unknown. There are 

only means by which help to reduce Parkinson-like symptoms. Among 

pathological mechanisms that are associated with PD belong mutations of some 

genes (such as α-synuclein, Parkin, PINK1) and there is also an association 

between mitochondrial dysfunction and PD. It was previously shown that 

excessive mitochondrial-dependent apoptosis can lead to neurodegeneration. 

The aim of our research was to test the drug mdivi-1 (mdivi), which acts as 

mitochondrial division inhibitor and prevents mitochondria-dependent apoptosis. 

Mdivi-1 selectively targets and inhibits the dynamin related protein 1 (DRP1), 

which mitochondria need in division and also blocks releasing of pro-apoptotic 

mediator cytochrome c by inhibition of outer membrane permeabilization. We 

wanted to test its concentration-dependent effects in a model organism, 

zebrafish larvae (Danio rerio), and whether it can rescue Parkinson-like 

symptoms. To induce Parkinson’s disease in zebrafish larvae we used the toxin 

1-methyl-4-phenylpyridinium (MPP+). We treated zebrafish larvae from 3 days 

post fertilization (dpf) until 5 dpf with MPP+, with or without different 

concentrations of mdivi. We detected that 1 µM mdivi and 0.3 µM mdivi are not 

harmful to zebrafish larvae. Our results suggest that there is a tendency for 

improvement of Parkinson-like symptoms in zebrafish larvae with 1 µM mdivi, 

but not with 0.3 µM mdivi. Further studies are required to fully characterize the 

effects of mdivi in this model. 
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1. Introduction 

 

      Parkinson’s disease is a neurodegenerative disorder and one of the most 

frequent movement disorders in the world. Treatment to cure this illness is still 

unknown. There are only medicaments that help to reduce symptoms of this 

illness like bradykinesia, resting tremor, rigidity, postural imbalance, dementia or 

behavioural changes. It is characterized by loss of dopamine neurons in 

substantia nigra pars compacta. Some studies revealed that its pathology is 

connected with genetic mutations (such as mutations of α-synuclein, Parkin, 

PINK1), pesticides and environmental toxins (like paraquat, rotenone, MPTP) 

and mitochondrial dysfunctions. The association between mitochondrial 

dysfunction and PD was revealed after discovery of reduced mitochondrial 

complex I in the substantia nigra of patients with PD. Damaged mitochondria 

are removed by mitophagy but if there is high number of impaired mitochondria 

then mitochondria-dependent apoptosis of the cell is induced by releasing pro-

apoptotic factors like mitochondrial cytochrome c. This excessive process leads 

to neurodegeneration. 

      In our research we tested the drug mdivi-1 as a potential drug to modulate 

Parkinson-like symptoms in zebrafish model organisms. Mdivi-1 inhibits 

mitochondrial fission and mitochondrial outer membrane permeabilization and 

prevents apoptosis. We detected concentration-dependent effects of mdivi-1 on 

model animal, zebrafish larvae, and tested if mdivi-1 could rescue Parkinson-

like symptoms. To simulate Parkinson’s disease in zebrafish larvae we used the 

MPP+ toxin. MPP+ selectively accumulates in dopamine neurons where it 

inhibits mitochondrial complex I and impairs energy metabolism, causing 

neurodegeneration.  
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2.Theoretical part 

 

2.1 Mitochondria 

      Mitochondria are semi-autonomous organelles, which have their own 

genome and they are able synthesize proteins (Westermann, 2010).  

 

2.1.1 Characteristics 

      Mitochondria are organelles with a double membrane. The outer membrane 

has pores and the inner membrane forms in folds and cristae into the matrix. 

The mitochondrial respiratory chain is situated on the inner mitochondrial 

membrane (Westermann, 2010).  

      Mitochondria usually move along the cells (Westermann, 2010) to deliver 

enough ATP quickly where it is needed (Hales, 2004), for example into 

dendrites and axons of neurons (Chen and Chan, 2009). They are distributed 

mainly by microtubules (Hales, 2004). Mitochondria usually adapt to the cell 

needs and if they are damaged it results in cellular dysfunction (Chen and 

Chan, 2009). 

 

2.1.2 Role of mitochondria 

      Among the most important roles of mitochondria is the production of energy 

to cells by oxidative phosphorylation in the form of adenosine triphosphate 

(ATP) (Westermann, 2010). Another roles are calcium homeostasis or 

influencing of the metabolism of fatty acids, amino acids and steroids (Wager 

and Russell, 2013). Mitochondria are also regulators of apoptosis (Westermann, 

2010). To maintain their functions, mitochondria constantly fuse and divide. 

These dynamic processes are important in cellular quality control. Defects of 

these dynamics negatively influence bioenergetic supply and can result in 

pathogenesis of neurodegenerative diseases (Westermann, 2010).     

 

2.1.3 Mitochondrial fusion, fission and apoptosis 

      Mitochondrial fusion and fission are dynamic processes modulated 

according to cellular needs (Suen et al., 2014). Mitochondrial fusion is 

characterized by fusion of two mitochondria into a single organelle (Wager and 
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Russell, 2013). There are two main proteins that are needed for mitochondrial 

fusion, the dynamin-related GTPases mitofusin (Mfn) and optic dominant 

atrophy 1 (OPA1) (Itoh et al., 2013). There are two mitofusin proteins, Mfn1 and 

Mfn2, which are responsible for outer mitochondrial membrane fusion. OPA1 is 

located on the inner mitochondrial membrane and is responsible for its fusion 

(Chen and Chan, 2009). During fusion OPA1 interacts with Mfn and creates 

intermembrane protein complexes (Itoh et al., 2013) and Mfn forms homodimer 

and heterodimer interactions with neighboring mitochondria (Perez-Pinzon et 

al., 2012).  

      In contrast, fission is characterized by splitting of long tubular mitochondria 

into two or more smaller organelles (Wager and Russell, 2013). The main 

regulator of mitochondrial fission is DRP1 (Westermann, 2010). This protein is 

mainly located in cytosol of cells from where it is taken into mitochondria during 

fission (Suen et al., 2014). DRP1 is a member of dynamin superfamily proteins, 

which are large GTPases (Perez-Pinzon et al., 2012). During fission DRP1 

forms a rings and spirals around membranes. These spirals constrict due to 

GTP hydrolysis through the mechanoenzymatic activity of dynamin 

(Westermann, 2010). There is not so much known about division of inner 

mitochondrial membrane (Suen et al., 2014). It is supposed that constriction 

separates both membranes at the same time (Westermann, 2010). 

      There is a connection between mitochondrial fission and mitochondrial-

dependent apoptosis. Mitochondrial fission is needed during apoptosis. During 

mitochondrial-dependent apoptosis the outer mitochondrial membrane has 

higher permeability, which allows releasing of cytochrome c into the cytosol. 

Cytochrome c is a pro-apoptotic factor, which together with other pro-apoptotic 

factors starts an apoptotic cascade. DRP1 is involved in mitochondrial 

fragmentation and in the regulation of apoptosis. During apoptosis, DRP1 

interacts with Bax/Bak pro-apoptotic proteins, which induce release of 

cytochrome c (Westermann, 2010). 

 

2.1.4 Oxidative stress in mitochondria 

      Production of energy in mitochondrial respiratory chain is accompanied by 

creation of reactive oxygen species (ROS) as a byproduct. These can result in 

oxidation of DNA, proteins or lipids and can cause cellular damage. 
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Accumulation of ROS can induce mitochondrial DNA mutations. If there is 

damaging of a few mitochondria then mitophagy is induced. But when there is 

high number of damaged mitochondria then apoptosis is induced by releasing 

of pro-apoptotic factors like cytochrome c. Removing of damaged mitochondria 

is needed for cell survival. However ROS alone are also able to induce release 

of cytochrome c without damaged mitochondria, which again leads into 

apoptosis. This process can lead into neurodegeneration (Wager and Russell, 

2013). 

 

2.1.5 Neurodegenerative diseases caused by mitochondrial dysfunction 

      Neurons are specialized cells that contain many mitochondria in cytoplasm 

and have high demand for its metabolism (Itoh et al., 2013). It is, therefore, not 

unexpected that mitochondria are connected with neurodegenerative diseases 

(Wager and Russell, 2013). The inhibition of mitochondrial complex I in 

respiratory chain by drug 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 

causes Parkinson-like symptoms in humans and model animals (Wager and 

Russell, 2013). MPTP is metabolized into MPP+ that is selectively taken into 

neurons where it inhibits mitochondrial complex I and induces its neurotoxic 

effects. Also inhibition of complex I and limited electron transfer induce 

increased production of ROS (Wager and Russell, 2013). In zebrafish the 

administration of MPTP or MPP+ causes dopamine neuronal loss and also 

reduced movement speed and swimming distance (Wager and Russell, 2013).  

 

2.2 Parkinson’s disease 

      Parkinson’s disease is neurodegenerative disorder, which affects 1 % of the 

population over 65 years old and 4 - 5 % over 85 years old (Bretaud et al., 

2004). 

 

2.2.1 Characteristics 

      PD is symptomatically a motor disorder, characterized by bradykinesia, 

resting tremor, rigidity and postural imbalance (Dawson and Dawson, 2003). 

Some patients can suffer from symptoms like cognitive dysfunction, behavioural 

changes, sleep dysfunction (Fasano et al., 2012), depression, anxiety and 

dementia (Dawson and Dawson, 2003). These symptoms result from 
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progressive loss of dopaminergic neurons in the substancia nigra pars 

compacta (SNpc) and the reduction of neurotransmiter dopamine (DA) (Büeler, 

2009). 

 

2.2.2 Pathogenesis 

      Although the specific cause of PD in most cases is still not very well 

understood, several mechanisms and signs associated with PD have been 

identified. One of the pathological hallmarks of PD is the presence of Lewy 

bodies (LB) with α-synuclein (Dawson and Dawson, 2003). Also mutations of 

some genes are associated to hereditary forms of PD (such mutations in α-

synuclein, Parkin and PINK1) (Büeler, 2009). There may also be connection 

with pesticides (such as paraquat, rotenone) and toxins (MPP+) which inhibit 

mitochondrial complex I (Dawson and Dawson, 2003). 

      Mitochondrial dysfunction is one of the important pathological mechanisms 

that are associated with PD (Büeler, 2009). The association between 

mitochondrial dysfunction and PD was discovered after finding the deficiency of 

mitochondrial complex I in substantia nigra of dead patients who had PD 

(Schapira and Jenner, 2011). 

 

2.2.3 Mitochondrial complex I 

      When the activity of mitochondrial complex I is impaired it causes oxidative 

stress and the production of reactive oxygen species is increased. Impairment 

of complex I also leads to the aggregation and accumulation of α-synuclein 

(Dawson and Dawson, 2003). This mitochondrial dysfunction and oxidative 

stress result in cell dysfunction and then in the death by apoptosis or autophagy 

(Schapira and Jenner, 2011). 

 

2.2.4 Mitochondrial complex I inhibitors 

      Some epidemiologic studies say that there is connection between 

pathogenesis of PD and pesticides and environmental toxins which inhibit 

complex I. Among these inhibitors belong MPTP, paraquat and rotenone 

(Dawson and Dawson, 2003). 

      MPTP active metabolite, 1-methyl-4-phenyl pyridium (MPP+), is selective to 

dopaminergic neurons. It enters to the neurons through DA transporter and 
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inhibits mitochondrial complex I (Dawson and Dawson, 2003). It causes 

mitochondrial dysfunction and increasing of oxidative stress (Büeler, 2009), 

which results in the death of dopaminergic neurons (Dawson and Dawson, 

2003). 

      The herbicide paraquat is another inhibitor of complex I. It is structurally 

similar to MPP+ and its effect increase aggregation of α-synuclein (Dawson and 

Dawson, 2003) and induction of oxidative stress (Büeler, 2009). 

      Rotenone, a substance used as insecticide and fish poison, inhibits complex 

I. Although rotenone is not concentrated in dopaminergic neurons it selectively 

induces dopaminergic cell death, which suggests higher sensitivity of 

dopaminergic neurons to complex I impairment (Dawson and Dawson, 2003). 

      Because these three complex I inhibitors cause impairment of complex I 

and generation of LB-like inclusions with α-synuclein, which in the end leads to 

the dopaminergic cell death, there is suggestion that complex I impairment is 

key in the pathogenesis of PD (Dawson and Dawson, 2003). 

 

2.2.5 MPTP animal model studies of Parkinson’s disease 

      Although pathogenesis of PD is not still very well understood, there are 

studies in animal models that provide new findings. One type of studies is 

treating animals with mitochondrial complex I inhibitors, MPTP, rotenone and 

paraquat, to induce PD in these animals (Bretaud et al., 2004). Among animals 

that showed sensitivity to MPTP are for example primates, mice, goldfish and 

also zebrafish (McKinley et al., 2005). In our research we use MPTP active 

metabolite, MPP+, to induce Parkinson-like symptoms in the model organism 

zebrafish (Danio rerio). 

 

2.3 MPTP and MPP+  

      MPTP is a compound that has a toxic active metabolite MPP+. It inhibits the 

complex I in mitochondrial respiratory chain and causes oxidative stress and 

cell death (Sallinen et al., 2010). 
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Fig. 1. Chemical structure of MPP+: 1-methyl-4-phenylpyridinium 

(Retrieved 6.1.2015, from 

http://upload.wikimedia.org/wikipedia/commons/thumb/a/a1/MPP%2B.svg/200px-

MPP%2B.svg.png) 

 

 

 

Fig. 2. Chemical structure of MPTP: 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine 

(Retrieved 6.1.2015, from 

http://upload.wikimedia.org/wikipedia/commons/7/77/MPTP_structure.png) 

 

      MPTP in humans induces symptoms similar to PD like bradykinesia, tremor, 

postural imbalance and also selective loss of dopaminergic neurons (Bretaud et 

al., 2004). It became popular as a model of PD in several animal models like 

primates, rodents, goldfish and also zebrafish (McKinley et al., 2005). MPTP is 

also structurally similar to other used herbicides and pesticides like paraquat 

and rotenone, which also induce degeneration of dopaminergic cells (Smeyne 

and Jackson-Lewis, 2005). 

 

2.3.1 History 

      MPTP is a by-product of synthesis of meperidine (a syntetic heroin). In 1982 

there were observed parkinsonian symptoms in drug addicts after intravenous 

use of meperidine, which was contaminated with MPTP (Przedborski et al., 

2001). Simultaneously that was the first time when MPTP was discovered as a 

parkinsonian drug in humans (Smeyne and Jackson-Lewis, 2005). 

 

2.3.2 Mechanism 

      Because MPTP is a lipophilic compound it can quickly enter the brain 

through the blood-brain barrier (BBB) (Bretaud et al., 2004). There it is 
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metabolized by monoamine oxidase-B (MAO-B) into 1-methyl-4-phenyl-2,3-

dihydropyridium (MPDP+), and after that it is deprotonated into MPP+ (Fig. 3) 

(Smeyne and Jackson-Lewis, 2005). The toxicity of MPTP is dependent on the 

activity of MAO (Anichtchik et al., 2006). Then MPP+ selectively targets 

dopamine transporter (DAT) and is taken up into dopaminergic neurons. There 

it inhibits mitochondrial complex I, which results in the impairment of energy 

metabolism and causes oxidative stress (Bretaud et al., 2004). Because the 

respiration is blocked it is accompanied by decrease of ATP and higher 

mitochondrial fragmentation occurs (Wang et al., 2011).  

 

 

 

Fig. 3. Metabolization of MPTP: in the brain, MPTP is metabolized by MAO-B 

into MPDP+, which is then deprotonated into MPP+.  

(Retrieved 6.1.2015, from http://openi.nlm.nih.gov/imgs/512/361/3246055/3246055_tox-22-101-

g001.png) 

 

      MPP+ itself cannot cross the BBB so after systematic administration it does 

not cause neurotoxic effects in mammals (Sallinen et al., 2009). At 5 dpf, BBB 

of zebrafish larvae is still not fully developed (Fleming et al., 2013) and MPP+ 

causes similar decrease of locomotion as MPTP in 6 dpf old zebrafish larvae 

during treatment from 1 to 4 dpf (Sallinen et al., 2009). For our research we 

used MPP+ because it is safer to handle than MPTP. Another reason was that 

zebrafish MAO differs from MAO-B in human brain and zebrafish MAO may be 

less efficient in metabolizing MPTP into MPP+ in zebrafish dopaminergic 

neurons (Anichtchik et al., 2006). 
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2.3.3 MPP+-induced PD and human PD 

      Although MPP+ causes damage of dopaminergic neurons, parkinsonism 

induced by this toxin differs from PD in humans because it is not progressive. 

There are not observed Lewy bodies and also there are not affected other areas 

of the brain (Schapira and Jenner, 2011), like locus coeruleus (Przedborski et 

al., 2001), as it is in the human PD (Schapira and Jenner, 2011). Another 

research with mice showed that continuous infusions of MPTP caused 

symptoms that we can observe in human PD, like impairments in dopaminergic 

neurons, loss of dopamine, formation of Lewy bodies in locus coeruleus and 

substantia nigra, behavioral changes. With MPTP bolus injection they did not 

observe formation of Lewy bodies. To mimic human PD it is better to use 

continuous infusions of MPTP than MPTP bolus injection (Fornai and 2005). 

MPTP or MPP+-induced parkinsonism became good models for PD research 

(McKinley et al., 2005), and several studies use them when looking for drugs 

that can ameliorate or reduce Parkinson-like symptoms. In our research we 

tested the mdivi-1 drug. 

 

2.4 Mdivi-1 

      This drug, mdivi-1, inhibits mitochondrial division and mitochondrial outer 

membrane permeabilization in apoptosis (Tanaka and Youle, 2008). 

 

 

 

Fig. 4. Chemical structure of mdivi-1, mitochondrial division inhibitor 

(Retrieved 6.1.2015, from http://www.sigmaaldrich.com/content/dam/sigma-

aldrich/structure1/111/mfcd00974506.eps/_jcr_content/renditions/mfcd00974506-medium.png) 
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2.4.1 Mechanism 

      Mitochondria are essential for respiration of cells and they fuse and divide 

constantly (Tanaka and Youle, 2008). DRP1 from dynamin family enables 

mitochondrial fission. It comes from cytosol and forms spiral chains around 

mitochondria, which constrict during GTP hydrolysis (Tanaka and Youle, 2008). 

The inhibitor of mitochondrial division, mdivi-1, selectively inhibits the DRP1 and 

retards permeabilization of mitochondrial outer membrane by blocking Bax/Bak-

dependent mitochondrial outer membrane permeabilization. The result of this is 

that the release of cytochrome c as a pro-apoptotic mediator is prevented 

(Cassidy-Stone et al., 2008). Pre-treating the cells with mdivi-1 highlighted the 

importance of DRP1 during mitochondrial fission. DRP1 could not get to the 

mitochondrial outer membrane, which resulted in reduction of mitochondrial 

fission (Solesio et al., 2012).  

 

2.5 Zebrafish (Danio rerio) 

      Zebrafish are a small fish usually less than 5 cm in length with stripes on the 

body. Geographically we can find them from Pakistan to Myanmar and from 

Nepal to Karnataka in India. They live in slow moving water like ponds, lakes, 

rice paddies etc. 

      Zebrafish have a tendency to live in shoals. They are active during the day 

and have a rest at night. They are omnivorous. Naturally it feeds with 

zooplankton and insects (Reed and Jennings, 2010). 

 

2.5.1 Zebrafish as a model animal 

      Zebrafish as a model animal progressed to be used during the 1960s and 

when the zebrafish genome started to be sequenced, their use rapidly 

increased (post-1996) (Reed and Jennings, 2010). Because their genetic 

sequence is quite similar with humans they became popular as a model animal 

for human diseases (Avdesh et al., 2012). Now they are used mostly in 

molecular biology, developmental biology, neurobiology and genetics research 

(Reed and Jennings, 2010). 

      Advantages of zebrafish as an animal model are its small size, short 

generation time and easy and cheap maintenance (Bretaud et al., 2004). 

Another advantage of zebrafish larvae is that larvae are transparent so it is 
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possible to observe the development of organs and tissues (McKinley et al., 

2005). Their development is fast. Larvae one week old are already able to hide 

from predators, catch small preys or stabilize position in moving water (Feirstein 

et al., 2014). 

 

2.5.2 Fish gender identification 

      Zebrafish are mature when they are 3 months old (Zfic, 2011). Zebrafish 

male and female look very similar but it is important to recognize them. 

Zebrafish male (Fig. 5B) are more straight and narrow shaped with darker blue 

stripes. They are more golden especially on the ventral fins. They have not got 

as big belly as zebrafish female. They tend to be more active than zebrafish 

female. In contrast, zebrafish female (Fig. 5A) are more pale with bluish-white 

stripes and have bigger white belly than male zebrafish. Also they have more 

visible typical oviduct in the caudal belly region (Zfic, 2011). 

 

        

 

Fig. 5. Zebrafish female and male: Zebrafish female (A) is characterized with 

bluish-white stripes and bigger belly. Zebrafish male (B) is characterized with 

straight and narrow shaped body with more golden fins. 

(Retrieved 6.1.2015, from http://www.eb.tuebingen.mpg.de/uploads/pics/tuef-sym.jpg) 

(Retrieved 6.1.2015, from http://www.eb.tuebingen.mpg.de/uploads/pics/tuem-sym.jpg) 
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3. Aim of the thesis 

 

      We had the following aims in our research: 

a) Confirm whether MPP+ is good to induce Parkinson-like symptoms in 

zebrafish larvae. 

b) Test concentration-dependent effects of mdivi-1 on zebrafish larvae. 

c) Test if mdivi-1 can rescue MPP+ effects on zebrafish larvae. 
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4. Experimental part 

 

4.1 Zebrafish experimental procedures 

      Adult wild-type zebrafish were acquired from provider ORNI-EX 

(http://www.orni-ex.com/). Zebrafish were maintained in 80-liter aquarium with 

dechlorinated water. Water temperature was around 28 °C. The light/night 

regime was set to be 14 hours of light (from 8 am to 10 pm) and 10 hours for 

the dark (from 10 pm to 8 am) in the room (Avdesh et al., 2012; Pinho et al., 

2013). 

 

 

 

Fig. 6. Aquarium where zebrafish were kept: Adult wild-type zebrafish in 80-

liter aquarium with dechlorinated water and temperature of water around 28 °C. 

 

4.1.1 Zebrafish feeding 

      For feeding zebrafish we used flake food. Zebrafish were fed two times a 

day, in the morning and in the afternoon. If there is breeding that day they are 

fed more, approximately four times a day (Zfic, 2011). Zebrafish should not be 

overfed. It could cause increasing of nitrate level in the water, influence their 

breeding or even cause death (Avdesh et al., 2012). 
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4.1.2 Zebrafish maintenance 

      Everytime we did maintenance or worked with zebrafish we had gloves to 

prevent biochemical and microbial contamination of zebrafish environment. 

      We did the siphoning of debris and renewal of dechlorinated water every 

day. Scrub tank with a brush was done two times a week, rinsing filters at the 

same days. Ammonium test was done once a month together with taking a pH 

reading. The amount of the ammonium should be under 0.5 mg/l and the pH 

around 6-7. Temperature of the water was taken every day, it should be around 

28 °C. We never did maintenance when there was a breeding that day. We 

wanted to accumulate the zebrafish hormones in the water and also we did not 

want to stress the fish (Pinho et al., 2013; Zfic, 2011). 

 

4.1.3 Removing of sick and death zebrafish 

      If a zebrafish is sick (lethargic, skinny, open wounds) it should be removed 

and euthanized. You can use tricaine solution to anesthetize zebrafish. After 

that you can decapitate it and remove it in accordance with appropriate 

guidelines. 

If there is a dead zebrafish in a tank you should take it out immediately with a 

net and remove it in accordance with appropriate guidelines (Zfic, 2011). 

 

4.1.4 Zebrafish breeding 

      Breeding was done once a week. In the afternoon before the breeding we 

took from aquarium zebrafish male and female pairs and put them into 

appropriate maternities, each pair in one maternity. We had to be careful if there 

is supply of water and oxygen in maternities. We shielded maternities with black 

sidewalls and labeled them with numbers, and left them overnight in the quiet 

surroundings till the morning. We could not forget to prepare a tank with 

dechlorinated water with temperature on 28 °C for the next day’s cleaning of 

eggs (we used tap water, put a thermostat into it and left it overnight, the Cl- 

evaporated on its own) (Avdesh et al., 2012; Pinho et al., 2013). 
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Fig. 7. Zebrafish breeding: Zebrafish male and female pairs in maternities 

(each pair in one maternity). Maternities have supply of oxygen for breeding 

zebrafish. Supply of water is connected with aquarium where zebrafish are kept. 

There are black cards providing sidewalls between maternities and numbers on 

the top of each maternity. 

 

4.1.5 Embryo isolation 

      In the morning we removed the supply of water and oxygen from the 

maternities. Then we put zebrafish male and female back to the aquarium and 

controlled the presence of fertilized eggs on the bottom of maternity. We poured 

out most of the water from the maternity. We had to be careful not to lose 

embryos. Then we removed the debris away from the embryos and cleaned 

them with the dechlorinated water as much as it was needed. You can remove 

debris manually using a plastic pipette. Never let the embryos to become dry. 

We removed death embryos (they were white - coagulated) and counted the 

final amount of the embryos for each maternity. Then we transferred the 

embryos into Petri dish with methylene blue (1 µM). Maximal amount of 

embryos in one Petri dish was around 200 of eggs. We labelled Petri dishes 

with a number according to the maternity and put them into incubator (28 °C), 

set light to them and let them as long as we needed to develop, till 3 dpf (Pinho 

et al., 2013). 
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Fig. 8. Incubator with fertilized eggs in Petri dishes: Next morning after 

breeding eggs are collected into Petri dishes with methylene blue (1 µM). Petri 

dished are kept in incubator (28 °C) till 3 dpf when embryos are hatched.  

 

4.1.6 Larvae 

      At 3 dpf the most of the embryos are hatched. In this stage of development 

larvae swim actively (Kimmel et al., 1995). 

We counted them with plastic pipette and evaluated the number of surviving 

embryos (Pinho et al., 2013). 

 

 

 

Fig. 9.  Zebrafish larva 

(Retrieved 6.1.2015, from 

http://www.zebrafishlab.be/sites/default/files/styles/media_gallery_large/public/embryos-5.jpg) 
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4.2 Materials and methods  

 

4.2.1 Drugs and solutions 

500 µM MPP+ 

MPP+ was acquired from Sigma-Aldrich, USA 

1 µM and 0.3 µM mdivi-1 

mdivi-1 was acquired from Sigma-Aldrich, USA 

0.1 % DMSO  

autoclaved water 

bleach 

 

4.2.2 Materials 

Petri dishes 

water bath 

incubator 

thermostat 

pipettes with tips 

eppendorfs 

beaker 

parafilm 

24-well plate 

 

3 dpf and 5 dpf zebrafish larvae (Danio rerio) 

 

4.2.3 Programs 

Logitech HD Webcam C525 

iWisoft free video converter www.iwisoft.com/videoconverter 

ImageJ http://mosaic.mpi-cbg.de/Particle Tracker/  

            (Sbalzarini and Koumoutsakos, 2005) 

Excel, Microsoft office 

GraphPad Prism 5    
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4.3 Experimental procedures 

 

4.3.1 Drug solution preparation 

      We tested 1 and 0.3 µM concentrations of mdivi, 500 µM MPP+ and 

combinations of mdivi and MPP+.  

      The concentrations of mdivi were prepared from a stock solution of mdivi-1 

in DMSO. The solution of MPP+ was prepared from a stock solution of MPP+ in 

water. Then all drugs were dissolved in 0.1 % DMSO. 

      These concentrations were chosen according to the previous results of our 

laboratory. Because previous work in laboratory showed that combination of 3 

µM mdivi with 500 µM MPP+ was harmful, it caused neuromuscular deformation 

characterized by curly spine (Fig. 10), we tested lower concentrations of mdivi. 

 

 

 

Fig. 10. Neuromuscular deformation of zebrafish larvae treated in 3 µM 

mdivi and 500 µM MPP+ solution: At 5 dpf at these three zebrafish larvae (A, 

B, C) neuromuscular deformation characterized by curly spine was observed. 

Before video recording, larvae had normal phenotype but at the same day later 

this abnormality occurred. 

 

      At 3 dpf we prepared solutions of drugs and put 70 larvae into 24-well plate 

with these solutions and incubated them till the next day in incubator (Protocol 

1). 
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      The next day (4 dpf) we observed larvae visually and under microscope and 

evaluated them as normal, abnormal and dead. The dead larvae were 

separated. Then we removed 200 µl of old solutions in wells and refilled them 

with 250 µl of new prepared solutions (Protocol 2). This replacement of 

solutions is done to maintain a stable concentration of our solutions. Then we 

let larvae to incubate till the next day again. 

 

4.3.2 Video recording 

      At 5 dpf we made a videos with our larvae (Protocol 3). We observed larvae 

visually and under microscope. We removed drug solutions, put larvae into 

autoclaved water and did tail touch responses of larvae. Only normal larvae and 

larvae with positive tail reflex were used for video recording. Then larvae were 

transferred into 6-well plates (one larvae per well) with an agarose ring at the 

periphery and autoclaved water inside. It is important to have agarose ring 

because larvae naturally move to the edge of the well and without agarose ring 

they are not visible on the video record. After adaptation of larvae to recording 

conditions (5 min) we made a 10 min video record of their locomotion profile. 

We used Logitech HD Webcam C525. Then we did head and tail touch 

response on each larva. Videos were converted into image sequences by 

iWisoft free video converter (www.iwisoft.com/videoconverter) and image 

sequences were analyzed by ImageJ program (Pinho, 2014; Sbalzarini and 

Koumoutsakos, 2005). 

 

      

Fig. 11. Video recording: Two 6-well plates with larvae are in the water bath 

during video recording. Camera is above plates with larvae. Between camera 

and plates there is magnifying glass to enable better video record. 

 



 31  

4.3.3 Head and tail touch response 

      After each video recording we did head and tail touch response on each 

larvae to analyze positive or negative reflexes. We analyzed percentage of 

positive reflexes. We used plastic pipette with small tip on it and did one touch 

ten times on head and tail of zebrafish larvae (Pinho, 2014). 

 

4.3.4 Data analysis 

      We collected the trajectory data with ImageJ. Then in the Excel programme 

we analyzed them. Our wells were divided into four quadrants to help us in the 

analysis (Fig. 12). We counted complete circles when larvae moved 

sequentially through our four quadrants in clockwise or anticlockwise direction.  

To create graphs and statistical analysis we used GraphPad Prism program. In 

statistical analysis for data which were normally distributed we used One-Way 

ANOVA and for non-normally distributed we used Kruskal-Wallis ANOVA 

(Pinho, 2014).  

 

Fig. 12. Well with quadrants: Wells were divided into four quadrants (Q1 – 

Q4). 

 

4.3.5 Analyzed parameters 

      Parameters which we analyzed are Distance, Time in movement, Full 

circles, Initiations, Time in movement per initiation, Movement speed, Quadrant 

permanence, Time spent in the centre, Tail touch response and Head touch 

response. 

 

Distance - distance which larva swims during the video recording 

Time in movement - time which larva spends swimming during the video 

recording 
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Full circles - number of full circles in clockwise or anticlockwise direction which 

larva does during the video recording 

Initiations - number of starts to swim which larva does during the video 

recording 

Time in movement per initiation - time which larva swims after each initiation 

during the video recording 

Movement speed - division of distance and time in which larva actively swims 

during the video recording 

Quadrant permanence - it is standard deviation (SD) of time which larva spends 

on each quadrant during the video recording, low SD means homogenous 

distribution of movement and high SD means heterogeneous distribution of 

movement 

Time spent in the centre - percentage of time which larva spends in the centre 

in movement or without movement during the video recording 

Tail touch response - percentage of positive responses after tail touch 

Head touch response - percentage of positive responses after head touch 
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5. Results 

 

      We tested the effects of 500 µM MPP+, 1 µM mdivi and 0.3 µM mdivi and 

combination of 500 µM MPP+ with 1 µM mdivi and 0.3 µM mdivi on zebrafish 

larvae. We started to expose our larvae to these drugs on 3 dpf till 5 dpf. 

      We compared 500 µM MPP+ with our control solution, 0.1 % DMSO, in the 

experiment with 1 µM mdivi (Fig. 13). There are changes in parameters like 

Distance, Time in movement, Full circles, Total initiations, Time in 

movement/initiation, Quadrant permanence, Tail touch response and Head 

touch response. In all of these parameters there is statistically significant 

impairment in 500 µM MPP+. There were not statistically significant changes in 

parameters like Movement speed and Time spent in the centre. 

      In Fig. 14 we only received statistically significant changes between MPP+ 

and DMSO in Tail touch response and Head touch response. 

      Another aim of our research was to test concentration-dependent effects of 

mdivi-1 on zebrafish larvae. In statistical analysis we compared our two 

concentrations of mdivi-1, 1 µM mdivi and 0.3 µM mdivi, with our control 

solution, 0.1 % DMSO. In 1 µM mdivi solution we tested 28 larvae in three 

independent breedings. 1 µM mdivi was not harmful to 5 dpf zebrafish larvae as 

we can see in the graphs (Fig. 13). Its effects are comparable to effects of our 

control solution, 0.1 % DMSO, in all of our parameters. There were not 

statistically significant changes after treating our larvae in 1 µM mdivi. In 

experiment with 0.3 µM mdivi we tested 18 larvae in two independent 

breedings. Concentration 0.3 µM of mdivi drug also has not any harmful effects 

to our larvae (Fig. 14). Effects are again comparable in all parameters with our 

control solution, 0.1% DMSO.  

      The last aim of our research was to test if mdivi-1 can rescue MPP+ effects 

on zebrafish larvae. In statistical analysis we compared 500 µM MPP+ with 1 

µM mdivi + MPP+ and 500 µM MPP+ with 0.3 µM mdivi + MPP+. In results from 

the experiment where we compared 500 µM MPP+ with 1 µM mdivi + MPP+ 

(Fig. 13) we can see a tendency of improvement in parameters like Total 

distance, Time in movement, Total initiations, Quadrant permanence, Tail touch 

response and Head touch response. Only statistically significant improvement is 
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in Head touch response parameter. In parameters like Full circles, Time in 

movement/initiation, Movement speed and Time spent in the centre, 1 µM mdivi 

did not induce any changes. There is not any tendency of improvement or 

impairment. 

      Results in Fig. 14 from experiment with combination of 0.3 µM mdivi + MPP+ 

seem to be worse. There is rather impairment in parameters like Total distance, 

Time in movement, Full circles, Time in movement/initiation and Quadrant 

permanence. The 0.3 µM mdivi did not induce any changes in parameters like 

Total initiations, Time spent in the centre. But there is tendency of improvement 

in parameters like Movement speed, Tail touch response and Head touch 

response. But these results were not statistically significant. 
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Fig. 13. Results with 1 µM mdivi-1: Zebrafish larvae were incubated in 

solutions of DMSO (0.1 %), MPP+ (500 µM), mdivi-1 (1 µM) and mdivi-1 (1 µM) 

+ MPP+ (500 µM). At 5 dpf, 10 min video recording was done. We analyzed 

parameters like Distance (A), Time in movement (B), Full circles (C), Initiations 

(D), Time in movement per initiation (I), Movement speed (F), Quadrant 

permanence (G), Time spent in the centre (H), Tail touch response (I) and Head 

touch response (J). For statistical analysis we used One-Way ANOVA for 

normally distributed data and Kruskal-Wallis ANOVA for non-normally 

distributed data. Data are means ± SEM, number of larvae n = 28, p < 0.05. 
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Fig. 14. Results with 0.3 µM mdivi-1: Zebrafish larvae were incubated in 

solutions of DMSO (0.1 %), MPP+ (500 µM), mdivi-1 (0.3 µM) and mdivi-1 (0.3 

µM) + MPP+ (500 µM). At 5 dpf, 10 min video recording was done. We analyzed 

parameters like Distance (A), Time in movement (B), Full circles (C), Initiations 

(D), Time in movement per initiation (I), Movement speed (F), Quadrant 

permanence (G), Time spent in the centre (H), Tail touch response (I) and Head 

touch response (J). For statistical analysis we used One-Way ANOVA for 

normally distributed data and Kruskal-Wallis ANOVA for non-normally 

distributed data. Data are means ± SEM, number of larvae n = 28, p < 0.05. 
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6. Discussion 

 

      According to the results (Fig. 13) we confirmed that 500 µM MPP+ is good 

drug to induce Parkinson-like symptoms in zebrafish larvae. MPP+ induced 

statistically significant changes in parameters such as Total distance, Time in 

movement, Full circles, Total initiations, Time in movement/initiation, Quadrant 

permanence, Tail touch response and Head touch response. We observed 

decreased locomotion in our zebrafish larvae. MPP+ did not significantly 

influence Movement speed and Time spent in the centre.  

      The decrease of locomotion activity was also detected in other research 

with MPTP (Sallinen et al., 2009). They tested MPTP and detected decreased 

and delayed locomotor activity in zebrafish larvae. Part of this research was to 

test effects of deprenyl, which is a MAO inhibitor so the MPTP could not be 

metabolized into MPP+. They observed less toxicity of MPTP after treatment of 

deprenyl, which prevented creating of MPP+ (Sallinen et al., 2009).  

      Another research (McKinley et al., 2005) that was done with MPTP and 

deprenyl observed reduced effects of MPTP after treatment with deprenyl. Their 

results suggested that MPTP in zebrafish was metabolized by similar MAO as 

MAO-B that we can find in mammals. Further research with DAT knockdowned 

zebrafish larvae supports the idea that DAT is needed for transport MPP+ into 

dopaminergic neurons (McKinley et al., 2005). 

      In the experiments with 0.3 µM mdivi (Fig. 14) we found tendency of 

impairment in MPP+, but there were no statistically significant changes between 

500 µM MPP+ and 0.1 % DMSO. This was probably influenced by the small 

sample size in this experiment. We used 18 larvae and this number was 

probably not enough to establish the statistical significance of changes like in 

the experiment with mdivi 1 µM where we used 28 larvae. The only statistically 

significant changes between MPP+ and 0.1 % DMSO are in parameters like Tail 

touch response and Head touch response. 

      One of the goals of our research was to test concentration-dependent 

effects of mdivi-1 in zebrafish larvae. According to the results in Fig. 13 we can 

conclude that 1 µM mdivi is not toxic or harmful to 5 dpf zebrafish larvae. And 

because next used concentration of mdivi-1 was lower than 1 µM we expected 
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that 0.3 µM mdivi is not harmful, too. Attending to Fig. 14, we can also conclude 

that 0.3 µM mdivi is not toxic or harmful to our 5 dpf larvae. 

      Last aim was to find out if mdivi-1 can rescue MPP+ effects on zebrafish 

larvae. The effects of MPP+ on mitochondrial fission-fusion were previously 

tested (Wang et al., 2011). Their results showed that MPP+ caused excessive 

fragmentation of mitochondria and the decrease of ATP and higher ROS 

amount occurred. Also higher levels of DRP1 appeared during mitochondrial 

fragmentation caused by MPP+. This suggested that DRP1 inhibition could 

completely inhibit mitochondrial fission caused by MPP+. They blocked DRP1 

and observed attenuated mitochondrial fission. This showed important role of 

DRP1 in MPP+ induced mitochondrial fragmentation (Wang et al., 2011). 

      Our drug mdivi-1 selectively targets DRP1 so we expected the attenuated 

effects of MPP+. After comparing 500 µM MPP+ with 1 µM mdivi + MPP+ (Fig. 

13) in the most of our measured parameters we found no statistically significant 

changes except Head touch response parameter. In a few parameters we can 

see tendency of improvement (Total distance, Time in movement, Total 

initiations, Quadrant permanence, Tail touch response). Probably we need to 

repeat our experiment with bigger number of larvae to more accurately assess 

the effect-size and its statistical significance.  

      According to the results in experiment with combination 0.3 µM mdivi + 

MPP+ (Fig. 14) we can say that this concentration of mdivi-1 was not enough to 

improve Parkinson-like symptoms. The biggest impairment in few parameters 

(Total distance, Time in movement, Full circles, Time in movement/initiation and 

Quadrant permanence) might be because the concentration 0.3 µM mdivi was 

too low to help our larvae against MPP+ so its harmful effects more reflected in 

this case.  

      In one research (Pöltl et al., 2012) they observed that some dopaminergic 

cells can survive apoptosis in certain situations after MPP+ treatment even if 

there is depletion of ATP. After using mdivi-1, MPP+-treated cells survived even 

if there were low levels of ATP. Mdivi-1 prevented cell death but did not help in 

ATP supply. Mdivi-1 did not rescue ATP depletion but it blocked another 

processes that are connected with cell death induced by MPP+ like stress 

kinase signalling, ROS formation, and mitochondrial changes. They showed 

that ATP depletion is not directly connected with cell death after MPP+ 
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treatment. And also that sufficient amount of ATP on its own cannot save the 

cell from death (Pöltl et al., 2012). 
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7. Conclusion 

 

      In this research we addressed three main aims. One of them was to confirm 

whether MPP+ is good to induce Parkinson-like symptoms in zebrafish larvae. 

We expected MPP+ as a reliable molecule to induce PD. Its effects were 

detected many times also on another model animals in other studies. Another 

goal was to test concentration-dependent effects of mdivi-1 on zebrafish larvae. 

We tested 1 µM mdivi and 0.3 µM mdivi and found out that these concentrations 

are not harmful or toxic for our zebrafish larvae. We did not find any damaging 

effects with these two concentrations. Last aim was to test if mdivi-1 can rescue 

zebrafish larvae from MPP+ effects, from Parkinson-like symptoms. In 0.3 µM 

mdivi we realized that this concentration was probably too low to rescue 

zebrafish larvae. We concluded this concentration as non-effective in 

improvement of Parkinson-like symptoms in zebrafish larvae. With 1 µM mdivi 

we observed a tendency of improvement in few parameters and also statistically 

significant improvement in Head touch response parameter. From our results 

we cannot conclude that 1 µM mdivi is an efficient drug to reduce Parkinson-like 

symptoms in zebrafish larvae. Further studies are required to characterize the 

effects of mdivi-1. 
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8. Protocols 

 

Protocol 1. Drug solutions (3 dpf) 

      At the third day post fertilization we prepared solutions of drugs in which we 

wanted research their pharmacological activity. 

 

Materials: 

pipettes with tips 

eppendorfs 

autoclaved water 

prepared solutions of toxin and drug 

beaker with bleach and water 

parafilm 

24-well plate (500 µl/well) 

70 larvae (randomly selected from all Petri dishes) 

 

Preparation and procedure: 

1. After 3 dpf control your larvae under microscope. If they are healthy, 

select 70 larvae randomly from all of the Petri dishes and wash them 

twice with autoclaved water. 

2. Prepare your solutions into eppendorfs: 

- each sample will be in two wells 

- prepare all solutions in double concentrations and half volume (250 µl) of 

the final volume of well (500 µl) 

- put the largest volume of liquid – in our case autoclaved water - to each 

eppendorf 

- then put to the each eppendorf required amount of DMSO (0.2 %) solution 

- refill the rest of the eppendorfs with the drug solution, everytime mix the 

solution which is in the tip of pippete with the solution in eppendorf 

- work in fume hood when you refill the eppendorf with MPP+ solutions 

- shake all eppendorfs properly 

3. Put 5 larvae randomly into each well and take the excessive amount of 

water out with a pipette. 
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4. Fill each well with 250 µl of autoclaved water and also two wells only with 

a 500 µl of autoclaved water to have a water control sample for our 

solvent, DMSO. 

5. Refill the wells with our prepared solutions (250 µl/well); give the used 

tips into the beaker with bleach. 

6. After refilling put the bleach into the eppendorfs to prevent contamination 

(the bleach destroys MPP+). 

7. Close the multi-well plate with parafilm which helps in prevention of 

evaporation. 

8. Put the plate into the incubator (28 °C) for 24 hours. 

 

Protocol 2. Drug solutions (4 dpf) 

 

Materials: 

pipettes with tips 

eppendorfs  

autoclaved water 

prepared solutions of toxin and drug 

beaker with bleach and water 

parafilm 

plate with larvae (24-well plate) 

 

Preparation and procedure: 

1. 24 hours after the beginning of the treatment take the plate with larvae 

from the incubator and control them visually under the microscope. 

2. Prepare your solutions into eppendorfs: 

- put the largest volume of liquid – in our case autoclaved water - to each 

eppendorf 

- then put to the each eppendorf required amount of DMSO (0.1 %) solution 

- refill the rest of the eppendorfs with the drug solution, everytime mix the 

solution which is in the tip of pippete with the solution in eppendorf 

- work in fume hood when you refill the eppendorf with MPP+ solutions 

- shake all of the eppendorfs properly 

3. Take from the each well 200 µl of old solution. 
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4. Refill the wells with the new prepared solutions – put into each well 250 

µl of liquid (to maintain stable concentration of the solutions); give the 

used tips into the beaker with bleach. 

5. After refilling put the bleach into the eppendorfs to prevent contamination 

(the solutions are neutralized). 

6. Close the plate with wells and use parafilm to stick up the side of the 

plate; parafilm helps in prevention of evaporation. 

7. Put the plate into the incubator for 24 hours. 

 

Protocol 3. Video recording  

      Video recording of larvae was done at 5 dpf. 

 

Materials 

agarose solution (0.5 % w/v) 

autoclaved water 

6-well plates 

 

Programs 

Logitech HD Webcam C525 

iWisoft free video converter www.iwisoft.com/videoconverter 

ImageJ (Sbalzarini and Koumoutsakos, 2005) http://mosaic.mpi-cbg.de/Particle 

Tracker/ 

Excel, Microsoft Office 

GraphPad Prism 

 

Preparation of plates with agarose 

1. Day before video recording prepare required number of 6-well plates. 

2. Prepare agarose solution. 

3. Fill the wells with agarose solution (0.5 % w/v; 2 ml/well). 

4. When the agarose solidifies make a ring at the periphery. It is important 

for the movement analysis by the particle tracker program ImageJ. 

5. Fill the wells with autoclaved water and put them into the fridge till the 

next day. 
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6. On the next day put it out of the fridge, pour out the water and fill it with a 

new autoclaved water. 

7. Let the plates to adapt in the room temperature for a while. 

8. Take away water with plastic pipette before you put a larva into a well. 

 

Preparation of camera 

We used Logitech HD Webcam C525. 

1. Prepare a place where you will record a video, prepare water bath to 

maintain the temperature. 

2. Turn on a camera. 

3. Provide enough of the light to have a good record. 

 

Putting larvae into the wells 

1. Take a plate with larvae and solutions out of the incubator. 

2. Work with them in a fume hood. 

3. Put 6 larvae into Petri dish with autoclaved water and try their touch 

response. 

4. Transfer larvae into wells. Each larva per well. 

5. Take away from the wells an excessive amount of water with a pipette 

and put there 600 µl of autoclaved water. 

6. Put the plates under the camera into water bath and wait 5 min for 

adaptation of larvae to temperature. 

7. Take a 10 min video record. 

8. After recording do head and tail touch response ten times to each larvae 

(use a small tip of pipette to do this touch responses). 

9. Continue with another plates. 

10.  After recording videos, remove larvae in accordance with appropriate 

guidelines. 

11.  Analyze videos. 
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