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Non-steroidal anti-inflammatory drugs (NSAIDs) have been used to reduce pain and 

treat inflammatory diseases such as Rheumatoid Arthritis and Alzhemeir’s Disease. 

However, treatment with NSAIDs has been associated with significance side effects 

towards heart diseases in humans and experimental animals in long terms. Our  

previous study has shown that curcumin analogue, 2,6-bis(2-

fluorobenzylidene)cyclohexanone (MS65) demonstrated strong anti-inflammatory 

activity in cellular model. Thus, in the present study the toxicity effects of newly 

synthesized curcumin analogue (MS65) was determined on zebrafish (Danio rerio) 

as an animal model. The toxicity effects of MS65 compound were evaluated by 

measuring survival rate and recording heartbeat of zebrafish embryos from day 0 to 

day 5, observing the morphological defects in developing zebrafish embryos, 

investigating the cardiac defects on 72 hours postfertilization of zebrafish

 larvae via fluorescence immunostaining and observing the toxicity effects 

on adult zebrafish kidney and intestine via histopathology. The toxicity effects of 

curcumin, celecoxib and aristolochic acid (AA) were also carried out for 

comparison. The LC50 value of survival rate for MS65 compound on zebrafish 

embryos were 12.5  µM. The heart rate of zebrafish larvae recorded at 5 day of 

exposure to 6.25 µM of MS65 was 131 ± 0.15  min-1. The morphological defect 

result showed pericardial edema toward zebrafish embryos after treated with 6.25 

µM of MS65. MF20 Monoclonal antibody stained uniformly in the heart of MS65-

treated zebrafish larvae and showed normal size of  the heart. In contrast, MF20 

staining in AA-treated  zebrafish larvae showed a more  intense 

pattern and highlighted the small size of the heart. Histological analysis reveals that 

MS65-treated adult zebrafish displayed less necrosis in kidney and low level of 

erosion in intestine. The results demonstrated that MS65 compound showed low 

toxicity effects toward zebrafish model compared to celecoxib, an NSAID and AA, a 

toxic compound that caused heart failure in zebrafish embryos. As a conclusion, the 
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present study indicated that the newly synthesized curcumin analogue, MS65 has 

low toxicity effects towards zebrafish model and could be pharmacologic potential 

drug in the treatment of diseases with low toxicity effects. 
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Ubat anti-radang bukan steroid (NSAID) telah biasa digunakan dalam populasi 

umum untuk merawat kesakitan dan penyakit radang kronik seperti Artritis 

Reumatoid dan penyakit Alzhemeir. Walau bagaimanapun, rawatan dengan NSAID 

telah dikaitkan dengan kesan sampingan penyakit jantung kepada manusia dan 

haiwan penyelidikan dalam jangka masa yang panjang. Penyelidikan kami sebelum 

ini telah menunjukkan bahawa analog kurkumin, 2,6-bis(2-

florobenzilidin)sikloheksanon (MS65) menghasilkan aktiviti anti-radang yang kukuh 

dalam model selular. Oleh itu, kesan-kesan ketoksikan analog kurkumin (MS65) 

yang baru disintesis telah dijalankan dalam penyelidikan ini terhadap ikan zebra 

(Danio rerio) sebagai model haiwan. Kesan-kesan ketoksikan MS65 telah dinilai 

dengan mengukur kadar kelangsungan hidup dan denyutan jantung embrio ikan 

zebra yang telah dirakamkan dari hari 0 sehingga hari ke-5, memerhatikan kecacatan 

morfologi dalam tumbesaran embrio ikan zebra, mengkaji kecacatan jantung larva 

ikan zebra pada jam ke-72 selepas persenyawaan melalui pewarnaan immuno dan 

memerhatikan kesan ketoksikan dalam ikan zebra dewasa melalui histopatologi. 

Nilai LC50 kadar kelangsungan hidup untuk MS65 kompoun terhadap embrio ikan 

zebra ialah 6.25 µM. Kadar denyutan jantung larva ikan zebra yang telah direkodkan 

pada 5 hari pendedahan kepada 6.25 µM MS65 ialah 131 ± 0.15 min-1. Hasil 

penyelidikan kecacatan morfologi MS65 menunjukkan edema perikardium terhadap 

embrio ikan zebra. MF20 monoklonal antibodi mewarna jantung larva ikan zebra 

yang dirawat dengan MS65 secara sekata dan menunjukkan saiz jantung yang 

normal. Sebaliknya, pewarnaan MF20 dalam larva ikan zebra yang dirawat dengan 

AA menunjukkan corak yang lebih sengit dan saiz jantung yang kecil. Analisis 

histologi menunjukkan bahawa ikan zebra dewasa yang dirawat dengan MS65 

mengalami nekrosis yang rendah dalam buah pinggang dan hakisan yang rendah 

dalam usus. Hasil kajian menunjukkan bahawa MS65 menunjukkan kesan 

ketoksikan yang rendah terhadap model ikan zebra berbanding selekosib, salah satu 
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daripada NSAID dan asid aristolokik (AA), sebatian toksik yang menyebabkan 

kegagalan jantung pada embrio ikan zebra. Kesimpulannya, hasil kajian ini 

menunjukkan bahawa analog kurkumin yang baru disintesis, MS65 mempunyai 

kesan ketoksikan yang rendah terhadap model ikan zebra dan berpotensi menjadi 

ubat farmakologi untuk merawat penyakit-penyakit dengan kesan-kesan ketoksikan 

yang rendah. 
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CHAPTER 1 

1 INTRODUCTION 

Non-steroidal anti-inflammatory drugs (NSAIDs) have been commonly used in the 

general population for treating pain and inflammatory conditions (Rodriguez et al., 

2008). NSAIDs are also one of drugs used by patients for the treatment of 

cardiovascular diseases (Howard and Delafontaine, 2004). Heart problem is one of 

the common cardiac diseases that result from infection, injury, genetic disorders or 

toxin-induced damage on the myocardium (Huang et al., 2007). In order to prevent 

progression and development of heart problems, pharmacotherapy and mechanical 

interventions are currently used (Singla and Sobel, 2005).  

NSAIDs are one of the classes that commonly used as pharmacologic agents to 

inhibit cyclooxygenase enzyme activity (Ishikawa et al., 2007). Cyclooxygenase 

(COX) is a rate-limiting enzyme which present in at least two isoforms, COX-1 and 

COX-2. The first step in the synthesis of prostanoids (prostaglandin and 

thromboxane) was catalysed by this enzyme (Zidar et al., 2007). Study has shown 

that NSAIDs act mostly through the inhibition of COX-2 (Rodriguez et al., 2008). 

Selective COX-2 inhibitors (coxibs) represent a new generation of NSAIDs and have 

been found to be effective in a wide range of treatments which include acute pain, 

osteoarthritis and rheumatoid arthritis (Ushiyama et al., 2008). However, study has 

been reported that long term consumption of these drugs can cause side effects such 

as mucosal erosion and intestinal bleeding (Petruzzelli et al., 2007). For example, 

previous study has shown that cyclooxygenase-2 inhibitors (coxibs) are associated 

with cardiovascular adverse events (Rodriguez et al., 2010). 

Therefore, natural plant products have been a recent focused as the current therapies 

due to great ability for scavenge free radicals. Besides that, plants offer an important 

source of active natural products because they are widely different in terms of 

biological properties, structures and mechanisms of actions (Amari et al., 2013). 

Treatment with curcumin which is derived from turmeric (Curcuma longa) has been 

shown to possess medicinal benefits in treating of cardiovascular, diabetes and 

inflammatory diseases (Lee et al., 2009). Recently, study has found that synthesized 

new curcumin analogues have been developed in order to enhance curcumin’s 

bioavailability as anti-inflammatory and anti-cancer agents (Katsori et al., 2011). 

Study has also reported that curcumin analogue has achieved the potential 

therapeutic interest to cure immune related due to a vast number of biological targets 

and no side effects (Srivastava et al., 2011). 

Zebrafish has become popular in the field of toxicological studies, genetics, 

environmental science and drug screening (Hung, 2012). Zebrafish has emerged as a 

simple model system to study human diseases because of its ex-utero development, 

optical transparency of the embryo, short generation time and small size (David and 

Pancharatna, 2009). Moreover, there is high similarity at the physiological, 
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anatomical and molecular levels between zebrafish cardiovascular, metabolic 

pathways and nervous systems with those of mammals (Hung et. al., 2012). All these 

features have made zebrafish as an ideal model for studying the biological activity of 

natural products with complex chemical components (Hung, 2012). Previous study 

has shown that curcumin analogue, 2,6-bis(2-fluorobenzylidene)cyclohexanone 

(MS65) demonstrated strong anti-inflammatory activity in cellular model. Thus in 

the present study, the effects of curcumin analogue, MS65 were studied and 

determined using zebrafish embryo, larvae and adult (Danio rerio) as the model 

organism for research. 

1.1 Objectives 

The general objective of this study is to determine the toxicity effects of curcumin 

analogue, MS65 on zebrafish (Danio rerio) model. 

The specific objectives are: 

1) To determine the acute toxicity effects of curcumin analogue, MS65 on 

zebrafish embryos and larvae. 

2) To determine the cardiac defect caused by curcumin analogue, MS65 on 

zebrafish larvae. 

3) To histologically evaluate curcumin analogue, MS65 treated adult zebrafish. 
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