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The World Health Organization (WHO) recorded approximately 350 millions people 

around the world have sufferred or is sufferring from mental health disorders, such as 

depression,  anxiety, schizophrenia  and addictive behaviors. Current antidepressants 

have associated problems related to their use, such as prolonged delays in symptom 

resolution, low rates of full remissions, substantial residual symptoms post-treatment 

and high rates of relapse. Use of rodents as translational animal model have several 

limitations such as high costs, low throughput and time-consuming among others. The 
zebrafish is a new promising model in drug discovery research. Thus, objective of this 

study is to determine the behavioral effects and metabolites changes after exposure of C. 

asiatica extract (RECA) on the established zebrafish model of reserpine-induced 

depression. The antidepressant effect of marker triterpenoid saponins of C. asiatica were 

also evaluated  via behavioural analysis.  Depression was successfully induced in the 

zebrafish model by single intraperitoneal injection of 80 mg/kg BW which produced 

significant increase (F(3,32) = 46.71, p<0.0001) and decrease {t(9.25) = -5.772, p<0.0001} 

in freezing duration and reduced total distance travelled, respectively.   A significant 

increase {t(11) = 0.0001} in cortisol level (6  fold increment)  further supported the 

results.  Treating the depression model with 150 mg/L of RECA via immersion 

technique, gave positive improvement in that the model showed significant reduction in 

freezing durations {t(16)= 3.302, p=0.005) and  increase in total distance travelled 
{t(9)=1.646, p=0.046}. Similarly, the social interaction test (SIT) significantly increase 

{t(11)= 7.778, p=0.0001} contact duration of the zebrafishes. 1H NMR-based 

metabolomics analysis of the zebrafish brain extract showed twelve metabolites, i.e 

lactate, β-hydroxyisovaleric acid, glutamine, choline, histidine, glutamate, histamine, 

valine, histidine, L-fucose, betaine, and  GABA were significantly reduced in the 

depression model.   Treatment with RECA was able to significantly increase the levels 

of six metabolites i.e  L-fucose, lactate, betaine, valine, β-hydroxyisovaleric acid,  and 

ethanolamine, back towards normal levels, consistent with moderate of the depressed 
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condition. The current study revealed that  C. asiatica  has antidepressant properties and 

further investigation should be carried out towards obtaining a better insight into the 

pathology of depression and mechanism of C. asiatica as antidepressant. 
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 KESAN ANTIDEPRESSAN EKSTRAK Centella asiatica (L.) Urb. DALAM 
MODEL KEMURUNGAN IKAN ZEBRA (Danio rerio) TERARUH 

RESERPINA MELALUI KAJIAN 1H NMR METABOLOMIK 
 
 

Oleh 
 
 

FAUZIAHANIM BINTI ZAKARIA 
 
 

September 2018 
 
 

Pengerusi :   Khozirah Shaari, PhD 
Institut  :   Biosains 
 
 
Pertubuhan Kesihatan Sedunia merekodkan lebih kurang 350 juta manusia di seluruh 
dunia telah menderita penyakit mental seperti kemurungan, keresahan, schizophrenia 
dan ketagihan. Ubat anti-kemurungan yang ada mempunyai masalah akibat penggunaan 
seperti resolusi gejala yang mengambil masa yang panjang, kadar penyembuhan yang 
rendah, gejala selepas perawatan dan kembali sakit selepas beberapa ketika. Penggunaan 
tikus sebagai haiwan model mempunyai kekurangannya seperti melibatkan kos yang 
tinggi, dapatan kajian yang rendah dan mengambil masa yang sangat panjang. Ikan zebra 
ialah suatu model baru yang memberikan harapan dalam penyelidikan ubatan. Oleh itu, 
objektif kajian ini ialah untuk menentukan kesan tingkahlaku dan perubahan metabolit 
selepas dedahan kepada ektrak pegaga  (RECA) pada model kemurungan zebrafish 
teraruh reserpina. Kesan antikemurungan oleh saponin triterpenoid dari pegaga juga 
dinilai menggunakan analisis tingkahlaku. Kemurungan berjaya diinduksi kepada ikan 
zebra melalui satu suntikan intraperitonium 80 mg/kg berat badan yang menghasilkan 
pertambahan (F(3,32) = 46.71, p<0.0001) dan pengurangan {t(9.25) = -5.772, p<0.0001} 
secara signifikan dalam jangkamasa tidak bergerak dan jumlah jarak pergerakan, secara 
respektif. Pertambahan secara signifikan {t(11) = 0.0001} dalam paras kortisol (enam 
kali ganda) menyokong keputusan ini. Rawatan model dengan 150 mg/L RECA melalui 
teknik penyerapan memberikan impak positif pada model di mana ia menunjukkan 
pengurangan secara signifikan {t(16)= 3.302, p=0.005) dalam jangkamasa tidak 
bergerak dan pertambahan {t(9)=1.646, p=0.046} dalam jumlah jarak pergerakan. Kesan 
yang sama ditunjukkan dalam ujian interaksi sosial apabila jangkamasa interaksi 
bertambah secara signifikan {t(11)= 7.778, p=0.0001}  antara ikan zebra. Analisis 
metabolomik menggunakan 1H NMR ekstrak otak ikan zebra menunujukkan 12 
metabolit  iaitu laktat, asid β-hydroksiisovalerik, glutamina, kolina, histidin, glutamat, 
histamin, valina, histidin, L-fukos, betain dan GABA menunjukkan pengurangan secara 
signifikan dalam model kemurungan. Rawatan dengan RECA telah meningkatkan 
secara signifikan enam daripada metabolit iaitu L-fukos, laktat, betaine, valina, asid β-
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hydroxyisovalerik dan ethanolamina kembali kepada paras normal, konsisten dengan 
penyembuhan sederhana keadaan murung. Kajian ini menunjukkan bahawa C. asiatica 
berpotensi menjadi ubat antikemurungan dan kajian lanjut perlu dilakukan untuk 
mendapatkan gambaran yang lebih jelas tentang penyakit kemurungan dan mekanisma 
yang terlibat dalam tindakbalas C.asiatica sebagai ubat antikemurungan. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

The World Health Organization (WHO) recorded approximately 350 million people 
around the world have sufferred or is sufferring from mental health disorders, such as 
depression, anxiety,   schizophrenia, eating disorders and addictive behaviors (Akimoto 
et al., 2017).  Depression is a complex and disabling psychiatric disorder.  It is expected 
to be the leading cause of disability by the year 2030. This disorder is a large burden to 
any country due to the consequencial outcome of the disorder, such as higher incidences 
of suicide, increase medical costs for treatment, and decrease in work productivity and 
quality. It was estimated that the world’s total expenditure for mental, neurological and 
substance use disorders was up to USD 2.5 to 8.5 trilion in 2010.  The figure is expected 
to double by the year 2030 if intensive actions to curb it are not initiated (Chisholm et 
al., 2016). 

Patients who suffer from depression will usually exhibit psychomotor retardation, 
anhedonia, reduced appetite, weight loss, reduced cognitive performance, HPA axis 
dysregulation, increased cardiovascular morbidity, increased amygdala responsiveness, 
abnormal social behavior and altered pain perception (Neumann et al., 2011). Depressed 
patients have been known to show increased immobility.   They even struggle to wake 
up from bed (Neumann et al., 2011). 

The zebrafish is a new promising model in drug discovery research (Howe et al., 2013). 
This is due to several positive points about its use, including high physiological 
homology to human (70% of human gene have at least one obvious zebrafish 
orthologue), high throughput value, genetic tractability, low cost, sensitive to various 
drugs and pharmacological agents (such as ethanol) and have a short reproductive cycle 
(Stewart et al., 2013). The use of zebrafish model to investigate anti depression activity 
is still at its infancy. A previous study investigated neurochemical and behavioural 
responses of Unpredictable Chronic Stress (UCS) following developmental isolation 
using a zebrafish model (Fulcher, et al, 2016). The study found that UCS protocol only 
increased anxiety-like behavior, while developmental isolation after UCS caused 
depressive-like behavior and reduced serotonin and dopamine levels in zebrafish brain.  
Pharmacologically-induced depression in zebrafish has been reported by several 
reseachers. Kyzar and his co-workers reported that immersion in 40 mg/L reserpine for 
20 minutes daily caused hypolocomotion in zebrafish after 7 days of chronic exposure 
(Kyzar et al., 2013). Meanwhile, Saroya et al., (2010) carried out intraperitoneal (i.p) 
injection of reserpine to zebrafish to study the bystander effect of reserpine-treated 
fishes. Bystander effect happens when irradiated cells transmit signals to non-irradiated 
cells.  In normal cases, irradiated fishes will also transmit signal to non-irradiated 
partnering fishes. In this study, however, irradiated reserpine-injected zebrafish did not 
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transmit any signal to non-irradiated zebrafish due to disturbance of the serotonine 
function. The study reported that the reserpine-treated zebrafish have 73% less 
serotonine compared to non-treated fishes (Saroya et al., 2010). 

The search for new drugs from nature have drawn on many biological resources and 
human practices related to them. Traditional medicine and the ethnopharmacological 
uses of plants have often been the origin of discovery of a useful drug to fight important 
diseases such as cancer and diabetes.  Centella asiatica is a small perennial medicinal 
plant, popularly used as brain tonic based on Ayurvedic (Orhan, 2012) and Traditional 
Chinese Medicine (Zheng & Qin, 2007) systems. The antidepressant effect of the plant 
in  rodents has been reported  since 2003 when Chen et al discovered that total triterpenes 
from C. asiatica have  antidepressant effect in an acute rodent model of depression. Nine 
years later, Kalshetty et al conducted a chronic model of depression using olfactory 
bulbectomy (OBX) rat model to evaluate the antidepressive effect of C. asiatica. From 
this study, they found that administration of C. asiatica extract reversed the 
physiological effects of OBX model of depression such as body weight,  ambulation, 
body temperature and heart rate. They also found that C. asiatica standardized extract 
significantly reduced open arm entries by 80% compared to depressed OBX  rats 
(Kalshetty et al., 2012).  

Most of the studies on the anti depression property of C. asiatica  focused on behavioural 
evaluation. However, the full biochemical pathology and mechanism of action of C. 
asiatica in imparting the antidepressive effect is still unclear and requires deeper 
investigations.  The present study is an attempt to further understand these aspects using 
1H NMR-based metabolomics approach. 

Recent developments in systems biology have also impacted natural products research 
as a whole through the introduction of metabolomics for analysis of mixtures.  The 
metabolomics  approach facilitates the simultaneous qualification and quantification of 
the huge population of metabolites whithin an organism.  It gives a clearer picture of the 
metabolome of the living organism under specific conditions  (Kim et al., 2010) and 
allows measurement of the changes arising from pertubations to the system at or over 
specific time points (Mushtaq et a., 2014). The approach is very suitable for investigating 
changes in zebrafish metabolites (whole body, liver or brains) following a perturbation 
or intervention such as drug-induced depression and treatment with a plant extract, 
respectively.  

Various instrumental platforms can be used for a metabolomics study.  The major 
platforms include  high resolution Nuclear Magnetic Resonance (NMR) spectroscopy, 
mass spectrometry (MS) and infra-red (IR) spectroscopy.  The approach combines the 
use of these platforms with multivariate data analysis and proper data mining methods 
to identify and correlate plant metabolites to the causal factors. 1H NMR-based 
metabolomics offers a simple, rapid and powerful platform to identify metabolites.  In 
this study, the 1H NMR-based approach was used to evaluate the antidepressant effect 
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of C. asiatica on zebrafish and help identify biomarkers in the pathways affected by the 
reserpine-induced depression in a zebrafish model.   

1.2 Problem statement 

Current antidepressants, such as tricyclic antidepressants (TCAs), monoamine oxidase 
inhibitors (MAOIs), selective serotonin reuptake inhibitors (SSRIs), serotonin and 
noradrenaline reuptake inhibitors (SNRIs), noradrenergic and specific serotonergic 
antidepressant (NaSSA) and norepinephrine reuptake inhibitors (NRIs) have associated 
problems related to their use, such as prolonged delays in symptom resolution, low rates 
of full remissions, substantial residual symptoms post-treatment and high rates of relapse 
(Si & Yu, 2016).  

In general,  drug discovery research is very cost intensive, even for discovery of new 
antidepressants (Nguyen, Stewart, & Kalueff, 2014b).  Preclinical research have mainly 
used rodents as the translational animal model. However, use of rodents for disease 
models have several limitations such as high costs, low throughput and time-consuming 
among others (Nguyen et al., 2014a). A complementary model to the rodent model 
would certainly be a beneficial addition towards obtaining a better insight into the 
pathology of depression. 

1.3 Objectives 

The main aim of this study is to investigate the effect of C. asiatica on reserpine-induced 
depression zebrafish model, towards obtaining a better understanding of the plants use 
in mitigating depression.  Some of the research questions in the the study are: will C. 
asiatica show anti-depressant activity in the zebrafish model? What are the signature 
biochemical changes in the metabolome of the depression-induced zebrafish upon 
treatment with C. asiatica that could be associated with the anti-depressant action of the 
plant extract?  Do the marker triterpenoid saponins of C. asiatica show any 
antidepressant effect on the reserpine-induced zebrafish model?   

Answers to the research questions of this study were, therefore, sought through the 
following set of research specific objectives:  

1. To establish a zebrafish model of reserpine-induced depression  
2. To determine the behavioral effects of C. asiatica extract on the zebrafish 

model of depression  
3. To characterise the biochemical profile of reserpine-induced depression 

zebrafish model before and after exposure to C. asiatica extract  
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4. To identify signature  biochemical or metabolic changes in the metabolome of 
reserpine-induced depressed zebrafish, resulting from exposure to C. asiatica 
extract.  

5. To evaluate the antidepressant effect of several individual triterpenoid saponins 
of C. asiatica   
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