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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfillment of the requirement for the degree of Master of Science 

EVALUATION OF NEUROBEHAVIORAL AND NEUROTOXICITY 
EFFECTS OF CHRONIC EMBRYONIC HEAVY METAL EXPOSURE ON 

ZEBRAFISH (Danio rerio F. HAMILTON, 1822) LARVAE  

By

NORAINI ABU BAKAR 

May 2017 

Chair: Wan Norhamidah Wan Ibrahim, PhD 
Faculty: Science 

Occurrence of industrialization without environmental care lead to heavy metals 

[Mercury chloride (HgCl2), Arsenic trioxide (As2O3)] contamination and caused 

adverse effects to human, especially vulnerable to developing fetus and children. 

Developmental exposures to heavy metals have been linked to impair motor and 

cognitive functions. However, the gap of knowledge to link between 

developmental exposure to heavy metal and neurodevelopmental disorders are still 

present. Thus, we used zebrafish to demonstrate the neurobehavioral and 

neurotoxic effects associated with the chronic embryonic exposure to low 
concentration of mercury and arsenic in a nanomolar to micromolar concentrations. 

The embryos were exposed to different range of HgCl2 (7.5-250 nM) and As2O3

(20-50 μM) starting from 5 hpf until 72 hpf (hatching) in a semi-static condition. 

The mortality rate was increased in a dose dependent manner for both 

neurotoxicants. Exposure to 100 nM HgCl2 and 30 μM As2O3 decreased the 

number of tail coilings, heartbeat, and swimming activity. The adverse effects of

heavy metals on the development of anxiety-related behavior were assessed in 6 

dpf larvae. No changes in thigmotaxis upon HgCl2 and As2O3 exposure were 

found. Yet, HgCl2 exposures reduced swimming speed and elicit resting while 

As2O3 exposure does not elicit any significant changes. Furthermore, aversive 

stimulation used to provoke anxiety responses also does not elicit any changes in 

thigmotaxis and avoidance response for both neurotoxicants. Overall, alteration in 
motor and anxiety responses were also linked with the increased apoptosis assessed 

at different time points. The peaks were shifted for both neurotoxicants whereby 

reaching an early peak at 24 hpf as compared to the control (72 hpf). Exposure to 

both neurotoxicants affects biochemical status (proteins, lipids, carbohydrates and 

nucleic acids) of the zebrafish larvae. These results showed that HgCl2 and As2O3

exert its toxic effects at cellular and biochemical level that leading to alteration at 

behavioral level.

Keywords : zebrafish; mercury chloride; arsenic trioxide; locomotor; anxiety 
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AKIBAT DEDAHAN KRONIK LOGAM BERAT TERHADAP LARVA 

ZEBRAFISH (Danio rerio F. HAMILTON, 1822) 

Oleh 

NORAINI ABU BAKAR 

Mei 2017 

Pengerusi: Wan Norhamidah Wan Ibrahim, PhD 
Fakulti: Sains 

Aktiviti perindustrian tanpa menitikberatkan penjagaan alam sekitar menyumbang 

kepada pencemaran logam berat [Merkuri klorida (HgCl2), Arsenik trioksida 

(As2O3)] dan menyebabkan kesan buruk kepada manusia terutama kepada 

perkembangan janin dan kanak-kanak. Dedahan jangka panjang kepada logam 

berat telah dikaitkan dengan kemerosoton fungsi motor dan kognitif. Walau 

bagaimanapun, jurang pengetahuan untuk menghubungkaitkan antara dedahan 

logam berat dan gangguan perkembangan-neuro masih lagi wujud. Oleh itu, kami 

menggunakan zebrafish untuk mengkaji kesan tingkah laku-neuro dan neurotoksik 

akibat dedahan kepada merkuri dan arsenik pada kepekatan rendah secara kronik 

dari kepekatan nanomolar sehingga kepekatan mikromolar. Embrio didedahkan 

kepada kepekatan berbeza HgCl2 (7.5-250 nM) dan As2O3 (20-50 μM) bermula 
dari 5 hpf sehingga 72 hpf (penetasan) dalam keadaan semi-statik. Kadar kematian 

telah meningkat sejajar dengan peningkatan dos untuk kedua-dua neurotoksikan. 

Dedahan 100 nM HgCl2 dan 30 μM As2O3 mengakibatkan penurunan bilangan 

pusingan ekor, degupan jantung, dan aktiviti renang. Kesan buruk logam berat 

kepada tingkah laku kebimbangan dilakukan pada larva berumur 6 dpf. Tiada 

perubahan dalam thigmotaksis ditemui selepas larva didedahkan dengan HgCl2 dan 

As2O3. Namun, dedahan HgCl2 menyebabkan penurunan kelajuan renang dan 

peningkatan tingkah laku rehat manakala dedahan As2O3 tidak menghasilkan 

perubahan yang ketara. Tambahan pula, simulasi aversif yang digunakan untuk 

menguji tindakbalas kebimbangan juga tidak menghasilkan perubahan terhadap 

thigmotaksis dan tindakbalas mengelak untuk kedua-dua neurotoksikan. Secara 

keseluruhan, perubahan fungsi motor dan tindakbalas kebimbangan juga dikaitkan 
dengan peningkatan apoptosis yang dinilai pada masa yang berbeza. Kedua-dua 

neurotoksikan mengakibatkan perubahan posisi puncak apoptosis di mana puncak 

apoptosis dicapai lebih awal pada 24 hpf berbanding kawalan yang mencapai 

puncak apoptosis pada 72 hpf. Dedahan kepada kedua-dua neurotoksikan turut 

memberi kesan terhadap status biokimia (protein, lipid, karbohidrat dan asid 

nukleik) larva zebrafish. Penemuan ini membuktikan bahawa HgCl2 dan As2O3

memberi kesan toksik pada peringkat selular dan biokimia yang juga membawa 

kepada perubahan di peringkat tingkah laku. 
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CHAPTER 1

INTRODUCTION 

Mental health problems are projected contributing to 16.8% of the global burden 

diseases (WHO, 2006). Currently, Ministry of Health Malaysia reported that 

mental health problems keep growing in Malaysia which also affecting children 

(KKM, 2015), of particular interest anxiety. The prevalence of the anxiety 
disorders is increasing worldwide, which the etiology is currently unknown. The 

interference of the normal developmental processes in the central nervous system 

(CNS) at early stage have been suggested as one of the factors leading to anxiety 

disorders (Pamphlett, 2014; Ng et al., 2013; Berk et al., 2011; Yorifuji et al., 2011). 

The developing CNS is exclusively sensitive to environmental pollutants as 

compared to adults (Lohren et al., 2015; McKean et al., 2015; Ho et al., 2013). 

Prenatal exposures to heavy metals have been associated with increased risk of 

aggression, depression and behavioral alterations later in life (Guilarte et al., 2012). 

Even worst, the emergence of large scale industrial activities over the last decades 

have introduced massive amounts of new chemicals into the environment which 

led to greater risks of chemical exposure to human. Apparently, these chemicals 

and other thousand chemicals available in the commerce are lacking extensive 
developmental neurotoxicity testing (DNT) data that are crucial for the risk 

assessment process for the human (Smirnova et al., 2014; Grandjean & Landrigan, 

2006). 

In the general population, human can be exposed to different forms of mercury and 

arsenic through the contaminated air inhaled, drinking water, food consumed and 

cosmetics contaminated with heavy metals (Perez et al., 2017; Ellingson et al., 

2014; Holmes et al., 2009; Clarkson et al., 2003). The fact that different forms of 

mercury and arsenic have the ability to accumulate within the human body, and the 

developing nervous system is highly sensitive throughout the gestational period, 
even minute exposure to the inorganic or organic heavy metals can pose persistent 

harmful effects to the developing nervous system (ATSDR, 2007;  WHO, 2003). 

Noteworthy, the biological barriers (blood brain barrier, placental barrier) are 

unable to protect the developing nervous system from neurotoxicity effects of 

heavy metals. Several epidemiological studies showed that embryonic exposure to 

mercury can produce detrimental effects on cognition and psychomotor functions 

in the children from infancy to adolescence (Bellinger et al., 2016; Debes et al., 

2006) while exposure to arsenic caused deficit in IQ, loss of motor functions and 

developed neuropsychiatric disorders (Yorifuji et al., 2016; Nahar et al., 2014). 

Supporting this, experimental evidences in animal models have shown that 

exposure to mercury (Huo et al., 2015; Teixeira et al., 2014; Smith et al., 2010) and 

arsenic (Mao et al., 2016; Wu et al., 2016) during developmental stages caused 
neurocognitive and emotional dysfunctions. However, the adverse effects due to 

exposure at low concentrations which are more environmentally relevant and 

associated with the neurodevelopmental dysfunctions are currently scarce. 

Although rodents have been traditionally used as an animal model for DNT testing, 
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though, it is proven laborious, high cost for large scale screening and incompatible 

to study the effects of chemicals at low concentrations for long term period, thus 

caused little progress in the DNT testing. 

Therefore, there is recognized requirement to use alternatives non-mammalian 

models to support chemicals screening for DNT testing. Zebrafish started to gain 

attention as a model of choice for DNT research owing to their special 

characteristics. High fecundity of the zebrafish is amenable for high throughput 

toxicity approaches which not feasible in the rodents. Shorter embryonic period (3 

days) as compared to the rodents (18-28 days) has put the zebrafish at advantage as 
it minimizes the use of chemicals, cost of the maintenance and less laborious. 

Importantly, the high conservation of basic CNS organization with similar key 

pathway that relevance to human diseases makes the zebrafish a relevant animal 

model for DNT testing (Patten et al., 2014; Howe et al., 2013; Kalueff et al., 2013;

Tsuji & Crofton, 2012; Bal-Price et al., 2010). In this thesis, zebrafish was used as 

a model organism in order to understand the neurotoxic and neurobehavioral 

alterations after chronic embryonic exposure to HgCl2 and As2O3 at nanomolar and 

micromolar concentrations.

The objectives of this project are: 

a) To identify the toxic effects of embryonic exposure to HgCl2 and As2O3

during developmental stages of zebrafish  (Danio rerio) 

b) To examine the alteration in motor function and anxiety-related responses 

of zebrafish (Danio rerio) larvae after embryonic exposure to HgCl2 and 

As2O3

c) To assess apoptosis in the zebrafish embryos and larvae after embryonic 

exposure to HgCl2 and As2O3

d) To evaluate the biochemical changes in the zebrafish embryos and larvae 

after embryonic exposure to HgCl2 and As2O3
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