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Toxicity Screening of Dibenzothiophene on Early Verterbrate Development 

Mcmarshall M. Ongkudon 

Resource Biotechnology 

Department of Molecular Biology 


Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 


ABSTRACT 

Dibenzothiophene is a minor component of petroleum crudes, coal tars, shale oil and 
synthetic fuels which has a toxic property to mammals and aquatic verterbrates. This 
research was conducted to analyse the toxicity effects of dibenzothiophene on zebrafish 
(Danio rerio) embryos at every pre determined stage of its embryogenesis. Different 
concentration of dibenzothiophene was exposed to the embryos and several parameters 
(developmental effects) were chosen to be observed throughout the embryogenesis of D. 
rerio embryos. The results of this experiment shows that dibenzothiophene cause delay in 
D. rerio embryos morphogenesis. LCso ofdibenzothiophene for D. rerio embryo was also 
determined in this study by taking the average total mortality of the replicates which has 
nearest value to 50%. It was concluded that different concentrations of dibenzothiophene 
exert different severity ofdefects in D. rerio embryogenesis. 

Keywords: Dibenzothiophene , Danio rerio, embryo, toxicity, embryogenesis. 

ABSTRAK 

Dibenzothiophene ialah komponen minor dalam petroleum mentah, tar arang batu, minyak 
syal dan bahan bakar sintetik yang mempunyai ciri-ciri toksik terhadap mamalia dan 
verterbrata akuatik. Kajian ini telah dijalankan untuk menganalisa kesan-kesan ketoksikan 
diben=othiophene terhadap embrio zebraJish (Danio rerio) pada setiap tahap 
embriogenesisnya yang telah dipilih. Pelbagai kepekatan dibenzothiophene telah 
didedahkan kepada embrio tersebut dan beberapa parameter (kesan terhadap tumbesaran) 
telah dipilih untuk analisa sepanjang embryogenesis D. rerio. Hasil daripada experimen 
ini menunjukkan bahawa dibenzothiophene melainbatkan mor/ogenesis embrio D. rerio. 
LC50 dibenzothiophene untuk embrio D. rerio juga telah dikenalpasti dalam kajian ini 
dengan mengambil nitai purata mortaliti keseluruhan yang paling hampir dengan 50%. 
Kesimpulannya, kepekatan dibenzothiophene yang berbeza menyebabkan abnormality 
pada tahap yang berbeza pada embryogenesis D. rerio. 

Kata kunci: Dibenzothiophene, Danio rerio, embrio, ketoksikan, embryogenesis. 
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1.0 INTRODUCTION 


This research involves the analysis of the toxicology of dibenzothiophene (DBT) and 

its toxicity effects on zebrafish (Danio rerio) at its early development stage. Analysis on 

the toxicity of this compound was performed to further enhance the information of its 

toxicology. 

DBT was found by Stenhouse in 1870. However, during that time, the compound 

structure has not been discovered yet (Hartough & Meisal, 1954). , 

DBT is a minor component of petroleum crudes, coal tars, shale oil, and synthetic 

fuels (Smith, et aI., 1978) and also one of the heterocyclic compounds. Other names for 

this compound are [I,l'-Biphenyl]-2,2'-diyl sulfide; Dibenzo[b,d]thiophene; Diphenylene 

sulfide; 2,2'-Biphenylylene sulfide; 9-Thiafluorene; a-Thiafluorene (Dibenzothiophene, 

2011). The structure of dibenzothiophene compound is as shown in Figure l. 

Figure 1: Structure of dibenzothiophene compound 

•. 
Molecular weight of DBT IS 184.257 and. its empirical formula IS C 12HsS 

(Dibenzothiophene, 2011). 

D. rerio embryo was chosen as a model organism in this research because it is 

transparent, high reproductive rate (hundreds off eggs per spawning) and fast growth rate 

during embryogenesis. It also has conservation of cell signaling, and concordance with 



developmental phenotypes of mammals (Sipes, Padilla, & Knudsen, 2011). In this study, 

the observation time range from 4 hpf to 72 hpf The maximum time point is 72 hpf 

because the main focus of this study is the early developmental (embryonic development) 

stages of vertebrates. According to Miyasaka, et aI., (20 13), 72 hpf marks the end of 

zebrafish embryonic development period. 

Exposure of DBT compound to the D. rer;o embryo is thought to affect the quality of 

its development. This reflects the pollution on marine water or freshwater caused by 

petroleum spillage which harm the aquatic verterbrates in their early development stage. 

This pollution could affect human as well. Therefore, a further investigation and analysis 

should be made on toxicology of DBT. In this study, D. rer;o embryo is used as a 

predictive model for the toxic effect ofDBT to human. 

Problem statements for this research are: 

Dibenzothiophene that released from crude oil during an oil spillage will pollute the 

marine environment due to its toxicity. This compound is able to interrupt the development 

of marine organism and could be lethal to these organisms especially those in embryonic 

development stage (Hartough & Meisal , 1954). Dibenzothiophene was also reported to be 

carcinogenic and this might affect human health as well (Morales et aI. , 2010) . 

.' 
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Objectives of this research are : 

~ To investigate the toxicity effects on D. rerio embryo at the end of its 

embryogenesis by exposing to various concentration of dibenzothiophene. 

~ To analyse the developmental abnormalities caused by different concentration of 

dibenzothiophene exposure to D. rerio embryos in different stages of its early 

development. 

.' 
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2.0 LITERATURE REVIEW 

2.1 Toxicology .. 

According to The Society of Toxicology (2006), toxicology is a research that is 

performed to investigate the interactions of chemical substances with living organisms and 

the normal biological system in the organisms. The results obtained from these studies are 

to be used to predict safe levels of exposure. Toxicologists are involved in the 

experimental study on household products and medicines. Toxicologists are also involved 

in investigating the consequences of exposure to natural and manufactured substances both 

incidentally and occupationally. 

2.2 Dibenzothiophene and heterocyclic compounds 

Dibenzothiophene is an organosulfur. compound and listed as one of the heterocyclic 

aromatic compound. Heterocyclic aromatic compounds present in soil, air, sediments, 

surface water, groundwater, and in animal and plant tissues as pollutant and are broadly 

distributed (Brack & Schirmer, 2003) . These compound could be originated from the 

nature (e .g. alkaloids), but the fact is that human activities contribute to a higher 

concentration of these compounds in the environment. Based on Blum, et a!. , (20 II), 

. 
industrialized areas, such as creosote contaminated sites, contribute to a significant amount 

of tar oil pollutants. Creosote is a representation of a complex mixture of> 10,000 single 

organic substances which are produced via thermal processes which associated with coal 

and fossil fuels (Peddinghaus, et a!., 2012). Other than processes involving tar oil, 

heterocyclic compounds can also be found in dyestuff (Cripps, et a!., 1990), pesticides and 

pharmaceuticals (Fernandez-Alba, et aI., 2002). Creosote contains only 5-13% 
4 
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heterocyclic compounds and up to 40% of their water-soluble portion comprises of these 

heterocyclic compounds (Peddinghaus, et aI., 2012) . Replacement of one carbon atom by 

nitrogen, sulfur or oxygen (NSO-HET) increases the polarity and water solubility of the 

heterocyclic compounds (Meyer & Steinhart, 2000). Such chemical properties increase the 

bioavailability and mobility in comparison to the homologous polycyclic aromatic 

hydrocarbons (PAH). Significant contribution ofNSO-HET to the ecotoxicological hazard 

of water, sediment and soil samples were declared by some of the previous studies that 

applied the concept of effect-directed analysis and mass balance calculations (Brack, et aI., 

2007). 

Previous studies on heterocyclic aromatic compounds found that these compounds 

show various ecotoxic effects which include acute toxicity, developmental toxicity, 

reproductive toxicity, cytotoxicity, photo-induced toxicity, mutagenicity, and 

carcinogenicity (Brack & Schirmer, 2003). According to a report by Smith, et al. (1978), 

dibenzothiophene present as a minor component of petroleum crudes, coal tars, shale oil, 

and synthetic fuels . Heterocyclic compounds are also present in dyestuff (Cripps, et aI., 

1990), pesticides and pharmaceuticals (Broughton & Watson, 2004; Fernandez-Alba, et aI., 

2002). Albino rats that were given a diet with continuous addition of dibenzothiophene 

were observed to undergo a reduced growth (Hartough & Meisal, 1954). In the same 

article, it was found that the animal spleen decreased in weight as the concentration of 
~. 

dibenzothiophene increased. Hartough and Meisal (1954) also reported that 

dibenzothiophene compound is toxic to aquatic organisms such as Culicine mosquito 

larvae, Culex larvae, and young larvae of Cochliomyia americana which shows lethal 

effect on these organisms. This raises a concern on the marine water or freshwater 

pollution caused by petroleum spillage which might harm the developing aquatic organism. 

5 
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According to Morales, et aI., (2010), high toxicity level had been observed in 

dibenzothiophene and the mutagenicity caused by this compound might be able to affect 

human health as well as ecosystems in general. 

2.3 D. rerio as a model organism for toxicology 

D. rerio originates from South Asia, and are widely distributed across the regions 

of India, Bangladesh, Nepal, Myanmar, and Pakistan (Lawrence, 2007). McClure, et aI., 

(2006) conduct sampling in 6 sites in the Ganges River drainage area in the Indian states of 

West Bengal and Uttar Pradesh. They found D. rerio in three of these sites. These include 

rice paddy and the quieter waters of two foothill streams (McClure et aI., 2006). D. ferio 

were also found in 9 of 23 sites in the surveys conducted by Spence, et al. (2006) in 

Ganges and Brahmaputra drainages. 

D. rerio possess many advantages as a model system in an experiment. These include 

its small size, transparent embryo and the ability to kept large number of this fish together. 

D. rerio requires a short time for generation and reach adult stage, and this eases the 

protocols such as mutagenesis screening, transgenic lines establishment and chemicals 

assessment for teratogenecity. 

D. rerio and mammals were evolutionary diverged at about 445 million years ago 

(Peterson, et aI., 2004) and there is a high probability that we will share the same 

sensitivity to toxic compounds. A previous study has reported that the toxicity of 18 tested 

toxic compounds in D. rerio was also well-correlated with the statistical analysis results 

which reported from the rodent studies (Parng, Seng, Semino, & McGrath, 2002) . 

Comparison between the D. rerio embryo systems as a toxicology screen with aquatic 

crustacean (Daphnia magna) has also performed in one of the past researches (Martins, 
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Oliva, & Vasconcelos, 2007). Such researches are crucial in stepping towards the 

wellknown 'Registry of Cytotoxicity' (a comparative toxicity database) which studies the 

predictive abil ity ofcell assays (Halle, 2003). 

D. rerio are unable to replace rodent models but they are corresponding to them, 

being particularly beneficial for rapid, high-throughput and low-cost assays, which may be 

involved in the initial stages of a drug development project (Redfern, Waldron, Winter, 

Butler, & Holbrook, 2008). 

7 



3.0 MATERIALS AND METHOD 

3.1 Adult D. rerio maintenance 

Adult D. rerio were kept in four 18.0" (length) x 12.0" (width) x 12.2" (height) fish 

tank filled with tap water at room temperature and oxygenated for 24 hours continuously 

with a constant 14 hours light: 10 hours dark cycle. 2: 1 ratio offemale: male was kept in a 

single tank. The adult D. rerio were fed twice daily (morning and afternoon). Fish facility 

maintenance was performed once a week which include water replacement, and cleaning 

of the fish tank, water pump and water filter. 

3.2 Breeding and eggs collection 

24 hours prior to breeding protocol, the male and female D. rerio were kept in 

separate fish tank. Approximately 5 hours before the light turned off, several breeding tank 

with the dimension of7.5" (length) x 5.0" (width) x 4.5" (height) were set up. A ratio of2 

female: 1 male were kept in each breeding tank. Plastic mesh was set up at the middle of 

the breeding tank to prevent egg cannibalism by the adult D. rerio. 

Spawning usually occur 30 minutes after the light turned on. D. rerio in the breeding 

tanks with successful spawning were transferred back into the fish tank while the rest were 

left until noon in case of late spawning. The eggs were collected by pouring out the water 

onto a filter. The filtered eggs were rinsed until «lean. The collected eggs were kept in a 

petri dish filled with approximately 25 mL of embryo medium. 
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3.3 Embryo medium preparation 

1 L of60X embryo medium was prepared according to the protocol by (Cold Spring 

Harbor Laboratory Press, 2011) . Four different compound in crystal form (refer Table 1) 

were dissolved completely in 1 L of ultrapure water. 

Table 1: List of salt used to make embryo medium. 

I Salt I Weight 
NaCI 17.40 g 

KCI 0.80 g 

CaCh·2H20 2.90 g 

MgCh·6H2O 4.89 g 

3.4 Test medium preparation 

Five different concentration of DBT solution were made which are 1.4 mg/L, 2.1 

mg/L, 2.8 mg/L, 4.1 mg/L and 5.6 mg/L. DBT were dissolved in a solution with IX 

. 
embryo medium, 0.1% dimethyl sulfoxide (DMSO) and 0.001% methylene blue. 

3.5 Embryotoxicity test 

Three different concentration of DBT were analysed for embryotoxicity (1.4 mg/L, 

2.8 mgIL and 5.6 mg/L). 40 embryos at 4 hpf were randomly chosen and transferred into 

each petri dish containing DBT solution. Four replicates were analysed for total mortality 

at 72 hpf at each concentration and negative control (solvent with embryo medium). 

Replicates with>10% mortality in negative control were considered invalid. Medium were 

changed every 24 hours for the purpose ofcontinuous exposure. 
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3.6 Developmental effects evaluation 

Developmental effects of the embryos were evaluated for the exposure of five 

different concentration of DBT (1.4 mgIL, 2.1 mg/L, 2.8 mg/L, 4.2 mg/L and 5.6 mg/L). 

10 embryos (randomly picked) were exposed to DBT in a petri dish starting at 4 hpf stage. 

For each replicate, two controls were analysed which are solvent (DMSO) + embryo 

medium and embryo medium alone. Observations were conducted at 8 hpf, 19 hpf, 24 hpf, 

36 hpf, 48 hpfand 72 hpf For each concentration, the experiment was repeated four times. 

Several developmental effects were specifically chosen to be analysed at each hpf (refer 

Table 2). 

Table 2: Developmental effects chosen for analysis at each hpf(shaded box). 

Developmental effects 

Egg coagulation 

Tail extension 

Heartbeat 

Movement in 20 s 

Yolk sac edema 

Heartrate 

Circulation 

Hatching 

Pericardial edema 

Curved body 

10 
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3.7 Statistical analysis 

Statistical analysis of the developmental effects was performed using SPSS v22 . 

One-way ANOVA were used to determine the effect of concentration followed by 

Bonferonni post-hoc test to determine the significant difference between experimental and 

negative control replicates. Mean and standard deviation of developmental effect at each 

hpffor every test medium was calculated and recorded. 

11 
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4.0 RESULTS 

The data obtained from this study shows that the DBT compound gave significant 

effect on the embryogenesis ofD. rerio at 1.4 mg/L, 2.1 mg/L, 2.8 mg/L, 4.1 mg/L and 5.6 

mg/L. Developmental effects at 19 hpf, 24 hpf, 36 hpf, 48 hpf and 72 hpf were analysed 

based on the surviving embryos. 

It was observed that the overall effects were drastically increased under 5.6 mg/L 

DBT exposure whereby, the heart development of the embryos were observed to 

completely stop at 72 hpf and the hatching rate is zero. Other defects were also observed 

to drastically increase under 5.6 mg/L DBT exposure. The tables and figures in the 

following sections will show the details of the results. 

12 
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Figure 2: Graph of mortality percentage against different test medium at 72 hpf 

The graph in Figure 2 shows the results of four replicates of each test medium with 

40 samples (embryo) each. The average total mortality of the embryo at 72 hpf is increased 

as the concentration of DBT increases. The highest total mortality rate is observed at 5.6 

mg/L ofDBT. This result is concluded to be valid because the total mortality of the control 

is <10%. This also shows that the DBT increase the rate of mortality of the embryos at 

higher concentration. 2.8 mglL is concluded as the LCso of DBT for zebrafish embryo. 

Throughout the experiment, the total mortality for every test medium varies slightly at 

different replicates. 
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Figure 3: Graph of average heart rate against different test medium at 36 hpf. 

Based on the graph in Figure 3, the average heartrate for the embryos that were under 

DBT exposure at 36 hpf were significantly lower than those of the control replicates . This 

shows that DBT does exert a negative effect on the heartrate of the embryos. At 5.6 mg/L 

DBT, the average embryos heartrate is significantly lower than those of the other test 

medium. This shows a drastic reduction in heartrate when 5.6 mg/L DBT is exposed to the 

embryos. Meanwhile, under the exposure of the other DBT concentration (1.4 mg/L, 2. 1 

mglL, 2.8 mg/L and 4.2 mg/L), inconsistency of average heartrate increment can be 

observed. 
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Magnification: 40X Magnification: 40X 

A B 


Magnification : 40X Magnification : 40X 

c D 


Magnification: 40X Magnification: 40X 

E F 

Figure 4: Increase. in severity of curved tail under the exposure of solvent and increasing DBT concentration 

at 72 hpf [(A) Control (solvent), (B) 1.4 mgIL DBT, (C) 2.1 mg/L DBT, (D) 2.8 mglL DBT, (E) 4.2 mgIL 

DBT, (F) 5.6 mg/L DBT]. 
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Magnification: ] OOX 

Figure 5: Delayed melanophore development (dorsal region) at 72 hpf (Top: Control (solvent), Bottom 2.8 
mglL DBT). 
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