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Abstract : Diethylene glycol dibenzoate (DGB) is recently approved by European Chemical Agency as an alternative to 
phthalates in the processing of plastic. The present study focused on the changes elicited DGB by on the hormonal effects of 
Zebrafish. The changes in the activities of the hormones after exposure to the sub lethal doses of Diethylene glycol (1,5 and 10 
ppm) referred to endocrine disruption in zebrafish.The level of Reproductive hormones significantly decreased in the treated fish 
in comparison with control.The results of the present study indicate that Diethylene glycol dibenzoateled to reproductive 
toxicity in zebrafish through hormonal measurement, which provides the basis for the estimated ecological risk during 
dibenzoate exposure. 
Index Terms : Diethylene glycol dibenzoate, Reproductive, Hormones, Zebrafish, Toxicity, Endocrine disrupters, PVC 
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1. INTRODUCTION 
There is now clear evidence that numerous xenobiotic 
compounds act as endocrine disrupters (EDs) in wildlife 
affecting reproductive functions. The effects of (EDs) have 
been extensively reported in fish; they include inhibition of 
gonad growth, reduction in the number and quality of germ 
cells, feminization and masculinisation [1]. However, the 
mechanisms of action of those compounds are not well 
understood.The endocrine disrupters are a large group of 
chemicals which enter into the aquatic environment from 
manufacture of various industrial and consumer products, 
agriculture and food/drug processing, wastewater 
treatment plants and human wastes. This group includes 
certain polychlorinated biphenyls, polyaromatic 
hydrocarbons, dioxins, furans, pesticides, alkylphenols, 
synthetic steroids, phthalate esters, plant sterols and 
parabens. Among alternate phthalate group of chemicals, 
Diethylene glycol dibenzoate (DGB) is the one which have 
many industrial uses. DGB is characterized as a high 
solvating plasticizer intended for the use in the 
manufacturing of PVC, vinyl flooring, adhesives, latex 
caulks, sealants and elastomers. However, less attention 
has been paid to theinteraction of xenobiotics with steroid 
phase II metabolism. Glucuronidation and sulfation are 
important routes of clearance of active hormones, 
generating a pool of hormone- conjugates that may be 
excreted or reconverted to the active form in peripheral 
tissues. Thus, alteration of those metabolic pathways may 
greatly affect levels of active hormones.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Moreover, alkylphenols have been shown to reduce p- 
nitrophenol and testosterone glucuronidation in salmonoids 
[25] whereas polychlorinated biphenyls (PCBs) increased 
estra diolglucuronidation [3] Estrogen-sulfotransferase 
activities have been recently described in fish [27] and the 
interference of straight chain 4-n-alkylphenols with 
estronesulfation reported. The zebrafish (Daniorerio) is an 
attractive model organism for evaluating reproductive 
toxicity and endocrine-disrupting effects because of its 
small size, ease of culture, short life cycle and prolificEgg 
production with high fertilization and hatching rates [21].only 
a handful of research papers, concerning DGB are 
available, focused on understanding the pathways and 
results of DGB metabolism in a living organism. This 
publication suggest, that while DGB does not last long in 
the organism, the intermediates of its detoxification do, and 
the results do not support the use of DGB as an 
environmentally safer alternative to phthalates [10]. 
Considering the huge importance of hormones in fish 
physiology, the present work aimed to evaluate the effects 
of Diethylene glycol dibenzoate on hormonal activities of 
adult zebrafish. The results of the present study provide a 
better understanding of the negative effects and potential 
mechanisms of Diethylene glycol dibenzoatein fish 
reproduction. 

 

2 MATERIALS AND METHODS 
Adult female Zebrafish (Daniorerio, wild-type strain) 
weremaintainedin100-Laquaria with oxygenated water 
under controlled conditions (28.0±0.5°Cundera14/10ho 
flight/dark period) in accordance with protocols and 
procedures approved by the University of Calgary Animal 
Care Committee. Fish were fed four times per day, twice 
with commercial adult zebrafish complete diet (Zeigler 
Bros., Inc.) and twice with Artemiasalina. For the DGB 
trial, a total of fishes were equally distributed into three 
aquaria (one control and three DGB experimental groups) 
with a total of 10 fish in each one and treated groups. At 
the end of the 7

th 
day, ten Zebrafish from each of the 

treatments and control were collected. At termination of 
the exposure, adult zebrafish were euthanized with 
anesthetic buffer, which contained100mg/L tricaine 
and 300 mg/L NaHCO3. The wet body weight of each 
zebrafish was measured using an electronic balance. 
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Four zebrafish of each gender from each tank were 
dissected immediately.The blood samples were collected 
from the caudal artery/vein of zebrafish with heparinized 

capillary tubes, pooled and stored at 80 ○C for sex 
steroid hormones. Zebrafishrepresenting all the treated 
groups and control fishes were analyzed with 
chemiluminescent immunoassay analytical instrument 
(courtesy, ‗Thyrocare analytical laboratory‘ Mumbai). 
Testosterone, Estrogens and Progesterone.were measured 
in (ng/dl), (pg/ml) (ng/ml) respectively. 
 

3 STATISTICAL ANALYSIS 
Results of the experiment were expressed as mean and 
customary error of mean of various teams. The variations 
between the mean values were evaluated by ANOVA 
(16.0). The values for P< 0.001 were thought-about 
important. Consequently, an applied math software system 
package (SPSS) was used. 
 

4 RESULTS  
 
4.1 Effect of DGB exposure to Zebrafish for 
Testosterone activity 
The Hormonal activity of sample was assayed in Zebrafish 
exposed to DGB. Thedata As shown in Table 1 , After 7 
days of exposure the  Testosterone activities were 
significantly decreased (p<0.05) at 10-ppm DGB treated  
group when compared with  control .while no significant 
differences at 1ppm of DGB treated  and control group. 
Moreover, exposure to 5ppm and 10ppm DGB induced a 
significantly low level of Testosterone in zebrafish 
 
Table.1 Changes in the Testosteone activity of the of 
zebrafish exposed to Diethylene glycol dibenzoate 

DGB Treatment Testosterone activity (ng/dl) 

Control 5.640  ± 5.943 

1 ppm 5.638 ± 0.145 

5 ppm 4.093 ± 0.268 

10 ppm 2.022 ± 0.006 

 
4.2 Effect of DGB exposure to Zebrafish for Estrogen 
activity 
As shown in Table 2, the exposure to DGB affects the 
Estrogen hormonal activity in the treated fishes compared 
with control fishes.The results of the zebrafishEstrogen 
hormone analyses are summarized, at the end of the 
exposure period, Estrogen hormonal activity In zebrafish 
was significantly decreased in the 5and 10 ppm of DGB 
treated groups compared to the control  

 
Table.2 Changes in the Estrogen activity of the of 

zebrafish exposed to Diethylene glycol dibenzoate 
DGB Treatment Estrogen  activity (pg/ml) 

Control 6.492  ± 0.036 

1 ppm 5.988  ± 0.064 

5 ppm 2.988 ± 0.064 

10 ppm 2.527 ± 0.098 

 
4.3 Effect of DGB exposure to Zebrafish for 
Progesterone activity 
As shown in Table 3, the exposure to DGB affects the 
Progesterone hormonal activity in the treated fishes 
compared with control fishes. The Hormonal activity of 
sample was assayed in Zebrafish exposed to DGB. 

Thedata As shown in Table 3 , After 7 days of exposure the  
activities Progesterone were significantly decreased 
(p<0.05) at 10-ppm DGB treated  group when compared 
with  control .while no significant differences at 1ppm of 
DGB treated  and control group. Moreover, exposure to 
10ppm DGB induced a significantly low level of 
Progesterone in zebrafish 
 
Table.3 Changes in the Progesterone activity of the of     
zebrafish exposed to Diethylene glycol dibenzoate 

DGB Treatment Progesterone activity (pg/ml) 

Control 2.916  ± 0.021 

1 ppm 2.694  ± 0.005 

5 ppm 2.196 ± 0.054 

10 ppm 1.046 ± 0.006 

 

5 DISCUSSIONS 
Hormonal balance of organisms has recently raised 
growing concerns under the impact of endocrine 
disrupters (EDCs) [15]. EDCs are exogenous substances 
that alter functions of endocrine system causing adverse 
heath effects in an intact organism (European commission, 
1997). In the present study, a short-term exposure , 
Hormone assay was performed to evaluate the effects of 
Diethylene glycol dibenzoate on endocrine disruption in 
adult zebrafish.The results of the study indicated that 
DGB  had adverse effects on sex steroid hormones of 
adult zebrafish, which suggested that Diethylene glycol 
dibenzoate led to reproductive toxicity to adult 
zebrafish.our results showed low level of testosterone in 
zebrafish  after exposure to Diethylene glycol dibenzoate 
and this is similar to the results of [13] stated that Effects 
of butachlor on reproduction and   decreased 
testosterone hormone levels in adult zebrafish 
(Daniorerio) .Recent data from laboratory studies have 
shown that exposure to a variety of EDCs suppresses the 
sex steroids estradiol (E2) and testosterone (T) 
[14,19]Alterations in plasma sex steroid concentrations 
may have resulted from several different mechanisms of 
action, including direct effects on steroidogenic enzymes 
such as aromatase, or indirect modifications associated 
with altered feedback loops [17]. Hence, the decline in 
Testosteone andEstrogen in zebrafish might be due to 
inhibition of gonadalsteroidogenesis by diethylene glycol 
dibenzoate or through negative feedback on the 
hypothalamus–pituitary axis to reduce the synthesis of 
gonadotropins or to decrease cholesterol levels for 
steroidogenesis. In addition, sex steroids are transported 
to sex steroid-binding proteins in plasma resulting in a 
decreased rate of steroid degradation and regulation of 
free sex steroids available for receptor binding in different 
tissues [5].EDCs can competitively bind to steroid-binding 
proteins in rainbow trout [26]. The decline in Testosteone 
andEstrogen might be due to competitive binding of 
diethylene glycol dibenzoate to steroid-binding proteins in 
turn increasing the clearance rate of T and E2.Circulating 
levels of hormones in fish have routinely been used as 
biomarkers, so at in this study we evaluate the effects of 
different concentrations of DGB for 7day on the hormone 
levels in adult Zebrafish. This study provides novel 
information on potential harmful effects of DGB in zebrafish. 
The findings are relevant to assess potential harmful effect 
of DGB in higher vertebrates since 71.4% of human genes 
have at least one zebrafishorthologue and reciprocally, the 
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69% of zebrafish genes have at least one human 
orthologue. Furthermore there is evidence that zebrafish is 
responsive to chemicals such as drugs and environ- mental 
toxicants in a similar manner as mammals, which is making 
it a suitable organism to assess risk of contaminant toxicity 
in higher vertebrates . In the present study, DGB 
administered at various concentrations was found to 
diminish the hormones levels. Environmental chemicals that 
interfere with reproduction in fish have attracted significant 
attention in recent studies [1]. Alterations in plasma sex 
steroid concentrations may haveresulted from several 
different mechanisms of action, including direct effects on 
steroidogenic enzymes such as aromatase, or indirect 
modifications associated with altered feedback loops.[17]. 
Even though the present data are preliminary, and 
additional work is needed, these findings are an 
important starting point in understanding the effects of 
widespread Diethyleneglycol, such as DGB, 
onreproduction. 
 

6 CONCULSION 
The present results indicate that environmental Diethylene 
glycol dibenzoate can be a potent endocrine disruptor 
affecting  steroidogenesis, gametogenesis and ovulation, 
which may lead to adverse impact on fish reproduction and 
population density.The findings of this study evidenced the 
effect of Diethylene glycol dibenzoateon the levels of 
hormones such as Testosterone, Estrogen, and 
Progesterone. Thus, the use of this glycol caused hormonal 
disruption on fish species.The results suggested that 
widespread application of Diethylene glycol dibenzoate 
might negatively affect fish reproduction.The observation of 
deleterious impacts of DGB exposure at low concentrations, 
poses a significant potential risk to the global environmental 
health. Dibenzoate has a higher biodegradation rates than 
phthalates, however studies have shown that interaction of 
Rhodotorularubra with dibenzoate-based plasticizers, 
resulted to an incomplete microbial degradation leading to 
the accumulation of monobenzoates, which have higher 
toxicity than the original plasticizers.  Hence, further studies 
are required in future to understand the mechanism of 
action of DGB toxicity. 
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