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ABSTRACT 

It was aimed to study the recusing effect of quercetin from 1-methyl-4-phenylpyridinium (MPP+)-induced 
locomotor behavior deficits in zebrafish larvae by analyzing the locomotor behavior. Zebrafish larvae are 
used as a model to induce Parkinson’s disease like locomotor phenotypes, by exposing MPP+, a metabolite of 
1-methyl,4-phenyl, 1,2,3,6-tetrahydropyridine, to the zebrafish larvae. Quercetin, a flavonoid possessing strong 
medicinal properties, was used to rescue zebrafish larvae from the locomotor defects caused by MPP+. The two 
critical parameters of locomotor behavior, viz. distance travelled and speed of 5 days post-fertilization (dpf) 
of  zebrafish larvae, were analyzed using a video capturing system, ImageJ and wrMTrck plugin. Two days of 
exposure to MPP+ at 1 mM concentration reduced the distance travelled and movement speed in 5 dpf zebrafish 
larvae. Quercetin treatment of 12 μM concentration for 2 days significantly increased the distance travelled and 
movement of speed of MPP+-induced zebrafish larvae. Our study showed that 2 days of quercetin are required 
to completely rescue from MPP+-induced Parkinsonian-like motor defects.

1. INTRODUCTION
Parkinson’s disease (PD) is a neurological disorder causing motor 
defects such as tremors, slow movement, postural instability, 
and muscle rigidity in which the substantia nigra pars compacta 
(SNpc) in the midbrain region is majorly affected, causing loss 
of dopaminergic neurons [1]. While people over 50 years are the 
victims of PD, young adults above 20 years are also affected [1,2]. 
Mutations in PD genes, viz. LRRK2, SNCA, PINK1, DJ1, and 
PARKIN also lead to major pathologies of PD such as an increase 
in oxidative stress, mitochondrial damage, protein misfolding, 
and failure of cellular energy metabolism [3]. 1-methyl,4-phenyl, 
1,2,3,6-tetrahydropyridine (MPTP), a neurotoxin, is widely 
used to induce the Parkinsonian phenotype in various animal 
models to study and elucidate the pathological mechanisms of 
PD development [4–7]. 1-methyl-4-phenylpyridinium (MPP+) 
is the main metabolite, which gets synthesized with the action 
of monoamine oxidase B, and MPP+ affects the dopaminergic 

neurons by entering through dopamine transporters causing 
increased reactive oxygen species, loss of adenosine triphosphate  
synthesis, DNA damage, and eventually neuroinflammation [8,9]. 
MPP+ is used to study PD as it provides a direct route to affect the 
dopaminergic neurons [10].

Even though there are numerous studies on the therapeutic 
strategies of PD, there is no complete cure for the disease apart 
from the drugs that provide relief from the symptoms [1]. Hence, it 
is essential to develop new drugs for PD. Plant flavonoids are great 
antioxidants that are now effective for various neurodegenerative 
diseases, such as PD, amyotrophic lateral sclerosis, Huntington’s 
disease, and Alzheimer’s disease [11]. Especially for PD, extracts 
and compounds derived from plant sources are under investigation 
to find a potential medicinal benefits against PD [12,13]. Quercetin 
is present in several fruits and vegetables and has demonstrated 
the potential to treat cancer, neurodegenerative diseases, etc. as it 
contains anti-allergic, antioxidant, and antiproliferative properties 
[14–17]. Quercetin at low concentrations has antioxidant property, 
whereas at higher concentrations, it exhibits prooxidant property 
[18]. Due to its antioxidant property, quercetin reduces the 
oxidative stress by scavenging the free radicals [19] and also used 
as a preclinical drug for the potential cure against PD [20–22]. 
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Zebrafish is an established model organism to study 
neurodegenerative diseases due to its 70% genome homology 
to humans, easy maintenance, experimental manipulation of its 
embryos and larvae, and the translucent nature of its development 
[23]. In addition, zebrafish has emerged as a novel system for drug-
screening studies [23]. Since quercetin serves as a potential PD 
drug, in this study, we have selected quercetin and demonstrated 
the rescue effects of quercetin on the motor defects in an MPP+-
induced zebrafish PD model.  

2. MATERIALS AND METHODS

2.1. Fish Maintenance
Male and female wild type adult zebrafish were purchased from a 
local aquarium and maintained in the laboratory aquarium as per 
standard conditions at 28.5°C temperature and 14 hours day/10 
hours night cycle [24]. The zebrafish were fed regularly twice a 
day every day with nauplii-staged brine shrimp. The zebrafish 
embryos were harvested in the morning by setting up spawning 
in a pair-wise method the previous day evening as per standard 
procedures. The harvested embryos were maintained in Petri plates 
containing 1X E3 medium (10X E3 media: 0.065 g KCl, 0.405 g 
MgSO4, 1.46 g NaCl, and 0.24 g CaCl2). All the experiments were 
conducted as per the guidelines of the Institutional Animal Ethics 
Committee (IAEC), SRMIST, Kattankulathur, India. The ethical 
clearance certificate number is 16098/835re-S-04/IAEC 2016.

2.2. Drug Treatment
For our study, we divided the embryos equally into eight groups, 
namely control, DMSO1 (dimethyl sulfoxide), DMSO2, MPP+, 
Q1 (1-day exposure of quercetin alone), Q2 (2-day exposure 
of quercetin alone), MPP+/Q1, and MPP+/Q2. The treatment 
concentration of MPP+ (Sigma-Aldrich) of 1 mM was chosen 
according to Sallinen et al. [25]. The MPP+ stock (100 mg in 10 
ml) solution was prepared by dissolving MPP+ in distilled H2O. 

The treatment concentration of quercetin (Sigma-Aldrich) was 
12 μM according to Zhang et al. [26] and the stock solution was 
prepared by dissolving 1 mg of quercetin in 30 μl of 100% DMSO 
and then subsequently diluted to 12 μM in 1X E3 media. The 
1-day postfertilization (dpf) embryos were dechorionated using 
two insulin syringes by observing them under the microscope and 
five dechorionated embryos were taken for each treatment group 
in a 24-well plate in triplicates. The control group embryos were 
raised in 1X E3 medium. The two DMSO groups of embryos 
were exposed to 0.04% DMSO at the 3 dpf stage for 24 hours 
in DMSO1 group of embryos and 48 hours in DMSO2 group. 
The embryos in the MPP+ group were given 2 days of exposure 
with 1 mM MPP+ commencing from 1 dpf stage. The Q1 group 
embryos were treated with 12 μM quercetin for 1 day at the 3 
dpf stage. Similarly, the Q2 group embryos were treated with 
identical concentration of quercetin for 2 days commencing from 
the 3 dpf stage. For the MPP+/Q1 and MPP+/Q2 groups, the MPP+-
exposed embryos were treated with 12 μM quercetin either for 1 
day (MPP+/Q1 group) or 2 days (MPP+/Q2) commencing from the 
3 dpf stage (Fig. 1).

2.3. Locomotor Behavior Assay
The experimental setup, data acquisition, and analysis for 
locomotor behavior assay were carried out as per Selvaraj and 
Santhakumar’s [27] study. The locomotion of larvae was captured 
by recording videos of individual larvae from respective treatment 
groups separately. A single larva was placed at the center of a Petri 
dish containing distilled H2O and allowed to acclimatize for 3 
minutes. Then the Petri dish was placed on a white light source 
and the setup was covered using a box with a small opening to 
capture videos. A phone camera with 720 p resolution (Neffos 
Xlite) was used to capture 3-minute videos by placing it over the 
opening on top of the box. The acquired videos were converted into 
multiple image files with three frames per second (540 frames for 
3 minutes) using Free studio v.6.7.0.712_r. Then the color images 

Figure 1: Schematic diagram showing the treatment schedule for different experimental groups.



Thirugnanam et al.: Quercetin rescues MPP+-induced Parkinsonian-like locomotor impairment in zebrafish larvae 2022;10(03):107-113 109

Figure 2: Trajectory paths of representative larva from different experimental groups.
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of the 540 frames were converted into gray scale images using 
light image resizer.4-7-0-0 with a width setting of 1024. Out of 
540 files, the middle 180 files were further analyzed using ImageJ 
software with wrMTrck plugin. The trajectory path, movement 
speed, and total distance travelled were obtained from the image 
analysis which was further used for statistical validation.

2.4. Statistical Analysis
The statistical analysis of movement speed and distance travelled 
for all the experimental groups were performed using GraphPad 
Prism software version 8.0.2.263 (GraphPad Software, San 
Diego, CA; www.graphpad.com) by one-way analysis of variance 
(ANOVA) followed by Tukey’s test.

3. RESULTS AND DISCUSSION
Since PD is a movement disorder affecting dopaminergic neurons 
in the SNpc, it is important to quantify the locomotor phenotype of 
the animal PD models which will facilitate the analysis of rescuing 
potential of preclinical drugs of PD [28]. Numerous studies on MPP+ 
are there to study the pathologies of molecular mechanisms involved 
in PD using in vitro models [29–31], while less studies have utilized 
MPP+ to study PD in animal models [10,32]. A study reported that 
MPP+ might be better and more sensitive neurotoxin than MPTP to 
study PD in animal models as MPP+ directly reduced norepinephrine 
and dopamine levels but caused motor defects similar to MPTP 
[25]. In the present study, 1 mM MPP+ was used to induce motor 
defects in zebrafish larvae. After 2 days of 1 mM MPP+ exposure, 

the movement speed, distance travelled, and trajectory path  of 5 
dpf zebrafish larvae were evaluated using wrMTrck analysis. As 
shown in Figure 2, the trajectory path of MPP+-exposed larvae were 
significantly reduced compared to the control. The average distance 
travelled by a control larva was 54.51 mm, while it was significantly 
decreased to 7.80 mm after MPP+ exposure (Fig. 3). In addition, 
the average movement speed of MPP+-treated zebrafish larvae was 
also significantly reduced to 0.16 m/s when compared to the control 
0.87 m/s (Fig. 3). These results (Table 1) indicated that MPP+ was 
able to induce motor defects in zebrafish larvae recapitulating a key 
aspect of PD phenotype. Due to its antioxidant property, quercetin 
is used in various studies to explore its therapeutic potential [20–
22]. The treatment of quercetin in Sprague-Dawley rats was able to 
improve the motor defects induced using 6-hydroxydopamine  that 
decreased the loss of dopaminergic neurons and oxidative stress 
[33]. A study by Mani et al. [34] in Alzheimer’s disease induced 
in zebrafish has shown that quercetin alleviated the behavioral 
defects induced by aluminum chloride. Also, quercetin was able to 
reduce the detrimental effects of lipopolysaccharide, which causes 
neuroinflammation, in an adult C57BL/6N mouse model [35]. 

Next, to rescue the MPP+-exposed zebrafish larvae, treatment with 
12 μM quercetin was carried out at 3 dpf for 24 hours (MPP+/Q1) or 
48 hours (MPP+/Q2) duration. Our analysis showed that treatment 
of quercetin for 2 days on MPP+-exposed zebrafish larvae recovered 
the motor behaviors such as movement speed and distance travelled. 
As shown in Figure 2, the trajectory path of MPP+/Q1 group larva 
was improved when compared to MPP+ but not similar to control. But 
the MPP+/Q2 group larvae showed complete recovery as evidenced 

Figure 3: Statistical analysis of key larval locomotor parameters from different experimental groups. The values were subjected to one-way ANOVA analysis 
followed by Tukey’s test. A and B: The values of distance travelled and movement speed from MPP+/Q1 group. C and D: The values of distance travelled and 

movement speed from MPP+/Q2 group. Data analyzed in mean ± SEM with ****p < 0.0001.
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by the trajectory paths, which were similar to control group. 
Similarly, for the locomotor parameters, such as distance travelled 
and movement speed, we could observe a progressive increase in 
recovery in the MPP+/Q1 and MPP+/Q2 larvae. The MPP+/Q1 larvae 
had values of 51.42 mm and 0.83 m/s (Fig. 3A and B) for distance 
travelled and movement speed parameters, respectively, compared 
to the control larvae displayed 54.51 mm and 0.87 m/s (Fig. 3C 
and D) for the respective locomotor parameters. But the MPP+/Q2 
larvae exhibited significant recovery in the distance travelled and 
movement speed parameters with values 54.20 mm and 0.87 m/s 
(Fig. 3C and D), respectively, compared to MPP+/Q1. These  results 
(Table 1) clearly suggest that quercetin is able to rescue MPP+-
induced motor deficiency in zebrafish larvae and 2 days of quercetin 
treatment is required for complete recovery. 

We treated the zebrafish larvae with quercetin alone to check the 
effects of quercetin on motor functions. As per statistical analysis 
(Table 1),, 1-day (Q1) exposure of 12 μM quercetin alone at the 3 
dpf stage displayed reduction in distance travelled by 50.02 mm 
and movement speed by 0.84 m/s (Fig. 3A and C) compared to 
control. Similarly, 2-day (Q2) exposure of quercetin at the 3 dpf 
stage decreased the distance travelled by 50.02 mm and movement 
speed by 0.83 m/s (Fig. 3B and D) compared to control. Studies 
have shown that quercetin inhibits monoamine oxidase-A (MAO-A) 
enzyme which modulates dopamine levels affecting the motor 
function [36–38]. The slight decrease in the motor movements in 
the Q1 and Q2 treatment groups compared to MPP+/Q1 and MPP+/
Q2 might be due to the inhibition of MAO-A activity by quercetin 
in normal zebrafish larvae. Studies have reported that MPP+ caused 
oxidative stress leading to loss of dopaminergic neurons correlating 
to reduction in motor movements [39,40]. However, studies on 
quercetin demonstrated that it has the potential to attenuate the 
oxidative stress caused in neurodegenerative diseases [41,42] by 
activating nuclear factor (erythroid-derived 2)-like (Nrf2-ARE) 
pathway to regulate oxidative stress and cell death [43–45]. In the 
present study, quercetin treatment increased the motor functions of 
MPP+-induced larvae. The attenuation of motor defects by quercetin 
in MPP+-induced larvae might be due to the activation of Nrf2-ARE 
pathway in response to oxidative stress induced by MPP+. These 

claims need further investigation to confirm the physiological effects 
of quercetin as a neuroprotectant in MPP+-induced zebrafish larvae. 

In our study, quercetin rescued MPP+-induced motor defects 
which might correlate with the alleviation of oxidative stress in 
the dopaminergic neurons and recovery of dopaminergic functions 
by quercetin. Our study showed that 2 days of 12 μM quercetin 
treatment is sufficient to completely rescue zebrafish larvae from 
MPP+-induced motor defects and this model will be extremely useful 
to study mechanistic functions of quercetin in neuroprotection. 

4. CONCLUSION
In this study, we induced Parkinsonian features in zebrafish larvae 
using MPP+ which was confirmed by performing locomotor 
analysis using ImageJ and wrMTrck plugin. Quercetin rescued the 
motor defects induced by MPP+ in zebrafish larvae. This study 
concludes that the MPP+-induced zebrafish larval model could be 
used to screen preclinical PD drugs. In addition, quercetin has the 
rescue effect in the zebrafish PD model.
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Table 1: Statistical analysis of distance travelled and movement speed of treatment control and treatment groups measured with mean ±  
standard error of the mean (SEM) using one-way ANOVA analysis followed by Tukey’s test.

S No Group Distance travelled (mm) Movement speed (m/s)

1 Control 54.51 ± 0.31 0.87 ± 0.001

2 DMSO 1 48.62 ± 0.38 0.80 ± 0.003

3 DMSO 2 46.22 ± 0.25 0.72 ± 0.003

4 MPP+ 7.80 ± 0.05 0.16 ± 0.002

5 Q1 50.02 ± 0.32 0.82 ± 0.002

6 Q2 50.02 ± 0.26 0.84 ± 0.003

7 MPP+/Q1 51.42 ± 0.30 0.83 ± 0.003

8 MPP+/Q2 54.20 ± 0.54 0.87 ± 0.001
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