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Abstract 

 

Brominated phenols or polybrominated diphenyl ethers (PBDEs) are flame-retardant potential toxic chemicals 

that accumulate in human tissues. To monitor general toxicity of this class of metabolites, embryos of zebrafish 

(Danio rerio) were exposed to gradual concentrations of 2-hydroxy brominated diphenyl ether 123 (2OH-BDE123). 

Exposures were done by immersion of 1 hour post fertilization (hpf) zebrafish eggs to 72 hpf, nominal concentration 

range of 0.03 - 2.5 μM. Embryos/ larvae were assessed daily for death and structural defects. Results revealed that 

concentrations from 0.3 μM of such metabolites were toxic to the developing zebrafish causing serious 

morphological deformations. Both toxicity incidence and potency were correlated with the concentration applied.  
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1. Introduction 

 

Fish embryos represent an attractive model for 

environmental risk assessment of chemicals since they 

offer the possibility to perform small-scale, high-

throughput analyses (Scholz et al., 2008). Embryos of 

zebrafish have often been used in toxicity studies of 

environmentally relevant substances (Kosmehl et al., 

2006; Scholz et al., 2008, Kammann et al., 2009, El-

Sayed Ali and Legler, 2011). 

Zebrafish (Danio rerio) is an emerging toxicity 

screening model for both human health and ecology 

(Padilla et al., 2011). It is a suitable experimental 

organism in toxicological research due to its short 

spawning intervals, easy manipulation and adaptation 

to the laboratory setting, rapid development and 

generation time, transparent eggs which can be 

maintained in a relatively small space, (Nagel, 2002; 

Braunbeck et al., 2005) facilitating visual identification 

of morphogenetic movements and organogenesis with a 

standard dissecting microscope. Beyond their 

application for determining the acute toxicity, fish 

embryos are also excellent models for studies aimed at 

the understanding of toxic mechanisms and the 

indication of possible adverse and long-term effects. 

(Scholz et al., 2008). Several endpoints can be detected 

in parallel, thereby enhancing the toxicity spectrum 

covered by the assay (Kammann et al., 2009). 

  PBDEs are a class of chemicals that accumulate in 

human tissues and are potential toxicants. 

Concentrations of PBDEs in human tissues have 

increased recently due to the industrial revolution. 

Although many PBDEs have not been well studied, 

new concern has been raised on their hydroxylated 

congeners. In aquatic organisms, PBDEs can be 

converted to mainly hydroxylated (-OH) forms after 

biotransformation, and their hydroxylated metabolites 

are found to be diverse among living organisms (Hakk 

and Letcher, 2003). Hydroxylated polybrominated 

diphenyl ethers or brominated phenols (OH-PBDEs) 

have been reported to be found in aquatic and terrestrial 

wild life and human plasma. Many of these compounds 

are naturally occurring while others are thought to be 

either metabolic or environmental transformation 

products of the commercially produced PBDEs which 

are a class of brominated flame retardants (Legler and 

Brouwer, 2003). High concentrations of OH-BDEs 

have also been detected in algae and sponges as their 

natural anti-bacterial products to prevent infection 

(Sharma et al., 1970; Handayani et al., 1997; 

Malmvärn et al., 2005).  

The present paper aimed to study the hydroxylated 

BDE 123 metabolite, an important metabolite within 

the pool of hydroxylated PBDEs retained in biological 

systems and have potential endocrine disrupting 

properties (Canton et al., 2005; Hamers et al., 2006) 

and to test the in vivo toxicity and teratogenic action of 

2-OH-BDE123 on developing zebrafish (Danio rerio) 

embryos . 

 

2. Materials and Methods 

 

2.1. Metabolite solutions 

 

Five stock solutions (0.3, 1, 3, 10 and 25 mM) of 

2OH-BDE123 were dissolved in dimethyl sulfoxide 

(DMSO, 0.01%) immediately prior to use and then 

directly diluted 10000 times in Dutch standard water 

(nominal concentrations: 0.03, 0.1, 0.3, 1 and 2.5 μM). 

Solvent (DMSO, 0.01%) and positive (6-OH-BD47) 

controls were incorporated in the experiment. 

 

 

2.2. Fish maintenance 

EJA
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Zebrafish were raised and kept under standard 

laboratory  conditions at about 28°C and a photoperiod 

of 14:10 h. light: dark
 
(Brand et al., 2002). Fish were 

fed with dry fish feed, Tetra-Pro Flakes (Tetra GmbH, 

Germany) in the morning and hatched brine shrimp 

(Artemia cysts from INVE, Grantsvillle, UT, USA) in 

the afternoon. The fish were acclimated in glass aquaria 

containing copper free water. Typically, the eggs were 

spawned synchronously at dawn of the next morning. 

One hour later, eggs quality has been checked under the 

microscope (Leica MZ 75), being sure to select the 

healthy, fertilized eggs for the experiment. Fish 

breeding and embryo manipulation were conducted 

according to Westerfield et al.
 
(1997).

 

 

2.3. Embryo test 

 

Fertilized eggs (1 hour post fertilization, hpf) were 

selected and placed in 24-well cell culture sterilized 

plates (one embryo/well). Embryos were exposed to the 

previously mentioned concentrations of AP at the 4:8 – 

cell stage (1:1.25 hour post fertilization, hpf). 24 

embryos/concentration were used and incubated at 

28°C. Embryos/larvae were screened daily - till 72 hpf 

- and scored for survival, alterations in morphology, 

developmental abnormalities and endpoints of toxicity
 

(Nagel, 2002). Toxic/lethal end points (coagulation, 

missing heart beat, missing somites, missing tail 

detachment, missing spontaneous movement) and non-

lethal malformations (pericardial or yolk sac oedema, 

bent notochord, fin malformation, no pigmentation, 

incomplete head and eye development) were reported 

separately.  

 

2.4. Morphological observation of embryos 

 

Developed embryos/larvae were examined and 

photographed daily by a stereo microscope. Paint shop 

Pro. 8 image analysis software was utilized to control a 

Roper digital camera on the microscope. Images were 

depicted at all treatment levels to complete the picture 

of the morphological abnormalities in different organs.  

 

2.5. Calculation of LC50 and EC50 

 

The LC50 and EC50 were calculated at 120 h post 

fertilization from concentration-% lethality and 

concentration-% effect curves, respectively for all end 

points separately as well as for the sum of lethal 

affected embryos. Logistic curves with binomially 

distributed errors were used to describe the 

relationships. From these, LC50 and EC50 values and 

their 95% confidence intervals were calculated using 

Graph Pad Prism 5.01.  

 

 

 

 

3. Results 

 

Embryo-toxicity assay in the developing zebrafish 

was optimized. The dose-related effects of the 

metabolite were determined following 72 h exposure 

starting at 1 hour post fertilization (hpf). The results 

showed a very high toxic potential for this compound 

related to the levels (Figures 1-3). 

The groups treated with 0.03 and 0.1 μM 2OH-

BDE123, no effects were reported during all the test 

period, presenting embryos similar to those of the 

DMSO control group. 20% of the embryos subjected to 

0.3 μM of 2OH-BDE123 were coagulated or non-

lethally mal-formed at 48 hpf and the 100% mortality 

was shown at 72 hpf. Concentrations 1 and 2.5 μM 

were lethal within the first few hours of exposure, all 

embryos stopped their development in the epiboly 

stage. The developmental effects of 2OH-BDE123 

were dose dependent with an EC50 value of 0.19 μM for 

all endpoints and LC50 of 0.41 μM. Embryos exposed 

to 6-OH-BD47, showing slow developed embryos with 

neither heart beat nor detached tail from the beginning 

and being in this form during all the test period without 

further growth, it's used only for checking the validity 

of the test condition during the study period. 

24 hpf 

Embryos subjected to the concentrations of 0.03, 

0.1 and 0.3 μM were not altered morphologically, 

compared with those of the DMSO control group 

during the first 24 h of development, showing well 

developed healthy embryos with somites, yolk sac, tail, 

head, eyes, prominently sculptured brain and few 

pigment cells are present along the axis dorsal to the 

yolk extension and on the dorsal part of the yolk ball 

(Figure 1, A), similar to the control ones. While, 

embryos exposed to 1 and 2.5 μM showed coagulation 

resulted from development stop in epiboly stage 

(Figure 1, B).  

48 hpf 

Embryos exposed to concentrations of 0.03 and 0.1 

μM showing embryos with well-developed notochord, 

otolith, caudal fin, head, eyes and pigment extends the 

whole length of the body (Figure 2, A), similar to the 

control group embryos. The 0.3 μM treated-group 

showing slight delay in the growth with oedema and a 

slightly unstraight notochord with mal-formed tail 

(curved, short, no tail fin) in 12% of the embryos 

(Figure 2, B). However, blood circulates through a 

closed set of channels and clear heart beats were 

measured and ranged between 119-120 beats/ min., as 

all other groups. Also, 8% of the embryos subjected to 

the 0.3 μM were coagulated (Figure 2C), the rest (80%) 

of this group was healthy as those of the control group.   

72 hpf 

Chorion of the embryos was ruptured and the larvae 

were hatched with quite elongated pectoral fin buds and 

vigorous heart beats were observed in the DMSO 
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control group and those treated with 0.03 and 0.1 μM 

of 2OH-BDE123 (Figure 3A). Also, it was shown that 

the yolk sac started to be shrunk making the pericardial 

cavity more conspicuous (Figure 3A). For the rest of 

the embryos (80% of the total recorded at the 

beginning, 20% abnormal embryos, were dead after 48 

h examination) treated with 0.3 μM, 32% of the 

embryos were coagulated, 12% were unhatched 

(Figure 3C), the rest were hatched with slight growth 

retardation, delayed development of caudal fin and 

curved notochord were shown (Figure 3B). Also 

reduction in heart beats number (80 beats/min.) was 

detected in the hatched larvae.   

 

 

  

Figure 1. Morphological alterations in zebrafish embryos exposed to different concentrations of 2OH-BDE123 

and were photographed live in lateral orientation through a stereomicroscope at 24 h post fertilization (hpf). 

Embryos exposed to concentrations of 0.03, 0.1 and 0.3 μM, showing well developed embryo with yolk sac, tail, 

head, eyes and pigmentation similar to the control group embryos (1-A). Embryos exposed to 1 and 2.5 μM 

showing development stop in epiboly stage (coagulate, 1-B), (×4). 

 

    

Figure 2. Morphological alterations in zebrafish embryos exposed to different concentrations of 2OH-BDE123 and 

were photographed live through a stereomicroscope at 48 h post fertilization (hpf). Embryos exposed to 

concentrations of 0.03 and 0.1 μM, showing embryos with well developed notochord with muscles, otolith, caudal 

fin, head, eyes and pigmentation similar to the control group embryos (2-A). 12% of the 0.3 μM treated group, 

showing mal-formed embryos with yolk sac oedema and mal-formed short tail with no tail fin (2-B) and 8% of the 

embryos started to coagulate (2-C), (×4). 
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Figure 3. Morphological changes in zebrafish embryos exposed to different concentrations of 2OH-BDE123 and 

were photographed live in lateral orientation through a stereomicroscope at 72 h post fertilization (hpf). Embryos 

exposed to concentrations of 0.03, 0.1 μM showing well developed hatched larvae similar to the control group 

larvae (3-A, ×2). The majority of embryos exposed to 0.3 μM showing hatched larvae with a curved notochord and 

severe oedema (3-B & D, ×2), 12% of the embryos of this group presented delayed growth or no more growth than 

recorded at 48 hpf, i.e. unhatched larvae  (3-C, ×4).  

4. Discussion 

 

Considering the limited information of the effect of 

phenolic metabolites (Canton et al., 2008), this study 

investigates the effects of environmentally relevant 

concentrations of 2OH-BDE123 (0.03 : 2.5 μM) on the 

embryos morphology. The toxicity level varied 

according to the concentration, i.e, for the highest 

nominal concentrations of 1 and 2.5 μM, the 

experiment was terminated at 24h examination, 

whereas for 0.3 μM the lethality and non-lethality 

endpoints were shown at 72 hpf, explaining the acute 

immediate toxicity of the first concentration and the 

non-lethal action (endpoints are inhibition of the 

embryonic development and oedemas) of the second 

one during the first 72 hpf. This study demonstrates 

that the developmental effect of phenolic metabolite (2 

OH-BDE123) is dose dependent with a LC50 value of 

0.41 μM and EC50 for lethal endpoints of 0.19 μM,. 

Very Recently, El-Sayed Ali (2010) demonstrated that 

metabolites of the same family (6 OH-BDE90) caused 

lethal as well as non-lethal malformation during 

zebrafish embryo development, presenting similar 

acute toxicity and non lethal endpoints at near similar 

levels.  

The rate of uptake, metabolism and excretion are 

important parameters determining the bioavailable and 

internal, effective concentrations of an environmental 

chemical in an organism. Metabolization of phenols in 

the fish causing numerous direct and indirect effects 

ranging from changes in gene expression (Arukwe et 

al., 2002; Larkin et al., 2003) through induction of 

estrogen responsive genes (Arukwe et al., 2001) and 

protein (Andreassen et al., 2005) and effects on brain 

muscarinic receptors (Jones et al., 1998) to increase 

apoptosis (Weber et al., 2002), expression of acute 

phase protein (Baldwinm et al., 2005) and changes in 

phase II detoxication (Hughes and Gallagher, 2004). 

A number of studies have provided evidence that 

embryos exhibit a strong bioconcentration potential 

(Gorge and Nagel 1990; Wiegand et al. 1999; 

Schreiber et al., 2009). The degree of toxicity of these 

compounds varies according to the dose and exposure 

period (El-Sayed Ali, 2010). Additionally, the nature of 

its effects on the zebrafish embryo differs according to 

the embryonic/larval phase. Similarly, the effect of 

their metabolites could be interpreted.  

This work explores the potential of the effects of the 

phenolic PBDE in living organisms. Such information 

would be valuable for better estimating the risk of such 

class of chemicals and for following up their mode of 

http://www.springerlink.com/content/u0u5072083u32u4g/fulltext.html#CR40
http://www.springerlink.com/content/u0u5072083u32u4g/fulltext.html#CR97
http://www.springerlink.com/content/u0u5072083u32u4g/fulltext.html#CR79
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actions. These, studies based on the metabolites are an 

important part of risk assessment of such xenoestrogens 

on different organisms. 
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 البرومى فينىلأستخدام أجنة أسماك الزيبرا لمعرفة التاثيرات السمية لمركب 

 تامر السيد على

 المعهد القىمي لعلىم البحار والمصايد

 

يعخبز انبزَمُ فيىُل مزكب ععُِ أيعي َسطي يذخم فّ انعذيذ مه انصىبعبث , نذا فٍُ يخُاجذ 

في انبيئبث انمبئيت مه خلال انصزف انصىبعّ َ يعخبز أحذ انمهُثبث انخطزة عهّ انبيئت. نقذ ركزث ٌذة 

عهي ومُ أجىت أسمبك  2OH-BDE123دراست انخبثيزاث انسميت نمزكب انبزَمُ فيىُل انذراست عهي 

انزيبزا، حيث حم حعزيط بيط ٌذا انىُع مه الأسمبك بعذ سبعً َاحذي مه حهقيحً انّ حزكيزاث مخخهفت 

سبعت نمعزفت مذِ حأثيزي عهّ ومُ َ معذلاث انحيبي لأجىً ٌذ انىُع مه الأسمبك.  27َمخذرجت نهمزكب نمذة 

مع درجت حزكيزاث انجزعت  يخذرجت حخىبسب غزديبً َنقذ أَظحج انذراست انخأثيز انسمّ نهمزكب فّ الأجى

انمسخخذمت. كمب أَظحج ٌذة انذراست أيعب أن انخعزض انمبكز نٍذا انىُع مه انمزكببث نً حبثيز مببشز عهي 

 مُل . 3.0µوفُق ٌذي الأجىت َ قذ يسبب حشٌُبث عىذ حعزظٍب نجزعبث اكبز مه 


