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Abstract

Developmental toxicity studies help to understand the impact of a pollutant
on this crucial phase of the living organisms which can affect their population
dynamics. Zebrafish has become an ideal model for studying environmental
and embryo toxicity. The present study was carried out using zebrafish
embryos for assessing the environmental toxicity of Di(2-ethylhexyl)
phthalate (DEHP) which is universally considered to be an omnipresent
environmental contaminant as it is the most widely used plasticizer. The
embryos were exposed to DEHP for a range of five concentrations of 0.2, 20,
80, 140 and 200 pg/L for the duration of 96 hours. The treatment resulted in
increased mortality and decreased hatch rate, hatchability and heartrate. It
also induced teratogenic endpoints like yolk sac edema, pericardial edema
and spinal deformity in the embryos which increased in dose and time
dependent manner.
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Introduction

Phthalates are widely produced and used in a wide range of products such as plastic, vinyl, personal care
products, children's toys, and "fragrance". Phthalates can accumulate in adipose tissues after being easily
absorbed in the bloodstream®. The spread of phthalates in the environment has sparked public concern due to
their capacity to cause liver cancer, structural and developmental defects, and lower sperm count in males?.
Male and female reproductive systems are more vulnerable to phthalates. Human milk contains a larger
concentration of hydrophobic phthalates®. As a result, maternal exposure to phthalates is becoming increasingly
concerning for human foetuses and babies. Because of major concern around pediatric exposure recent research
has received considerable attention to one of the globally used phthalate, Di(2-ethylhexyl) phthalate (DEHP).
Like all the phthalates this phthalate is ubiquitous contaminants in air, food, water bodies, soil and sediments*
®, In 2008, it was reported® that DEHP was produced at an annual rate touching more than 2 million tons across
the globe which makes it evident that DEHP has been in use consistently due to its plasticizing properties and
low cost. It is universally considered to be an omnipresent environmental contaminant because it is the most
widely used plasticizer. It is mainly used in PVC formulation for its wide range of applications including
medical devices, cosmetics, personal care products, clothing, furniture and other home appliances, car products,
etc.’.

Since DEHP can easily find its way into the environment, it can readily enter the body through inhalation,
ingestion and dermal contact. Food may also contain DEHP. According to epidemiological studies carried out
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in different organisms it is found that DEHP can be found in meat and lipid-rich products such as fats and dairy
products at higher concentrations®’. The EU designated DEHP as a substance of very high concern (SVHC)
under Article 59(10) of the REACH Regulation (Registration, Evaluation, Authorisation and Restriction of
Chemicals) (EC) No 1907/2006°. Studies have reported that DEHP is up to 0.02-264 mg/kg in agricultural
soil, is 0.01-30.1 mg/kg in urban soil, is 3640 ng/m? in the air, is 634.2 ng/g1394.7 pg/g in indoor dust, is 0.55—
8351.85 pg/L in drinking water®™, and is 2.6 pg/L in waste water treatment plants from India®’. This has
therefore raised some concerns about its safety and potential effects on human health.

Zebrafish has become an ideal model for studying environmental and embryo toxicity because of their
experimental characteristics, which include small size, development outside of the mother, rapid embryonic
development, optical transparency, easy and cheap maintenance of both embryos and adults, and a high degree
of genomic homology to mammals***3, The easy monitoring of morphological development and the evaluation
of possitﬂe malformations while identifying toxicity endpoints are possible due to the transparency of the
embryos™.

The study was carried out for acute exposure of 96 hours to varying concentrations of DEHP (0.2, 20, 80, 140
and 200 ug/L) on zebrafish embryos as developmental toxicity studies help to understand the impact of
pollutant on the crucial developmental phase of an organism. The results will provide better understanding of
ecotoxicity of DEHP and appropriately assess the threat that phthalates can cause to the environment.

Materials and Method

Test solution
Di(2-ethylhexyl) phthalate (DEHP) was purchased form Sigma-Aldrich, USA, Product No. 47994. The
exposure concentrations of DEHP of 0.2, 20, 80, 140 and 200 pg/L were prepared with the embryo medium.

Model animal maintenance, breeding and collection of eggs

Eggs were collected from the zebrafish maintained in the CCSEA registered zebrafish maintenance and
breeding facility (Registration N0.1936/PO/Re/S/17/CPCSEA) under standard laboratory conditions, i.e. 28°C
+ 1°C and photoperiod of 14:10 hours light:dark. The fish were fed twice a day with readymade dry fish food
and once a day with Artemia. The pairs were kept in the breeding chamber with mesh at the bottom to prevent
cannibalization of the eggs. The eggs were carefully collected and rinsed thoroughly with tank water to get rid
of dirt/waste particles. They were then transferred to a petri plate containing freshly prepared embryo (E3)
medium. After one hpf (hour post-fertilization) the eggs were screened under the stereo microscope to select
healthy and fertilized eggs, and to discard the unfertilized ones.

Experimental setup and embryo toxicity studies

The study was carried out according to the guidelines of OECD Test No. 236: Fish Embryo Acute Toxicity
(FET) Test®™. Six 24-well plates were used, one for control and five containing respective concentrations of
DEHP (0.2, 20, 80, 140 and 200pg/L). Sets in triplicate were used. The fertilized eggs at 2 hpf were gently
transferred into the plates, one egg in each well. Control well plates were filled with 2 ml of E3 medium. Each
of five plates of the treatment groups had 20 embryos in DEHP solution and 4 embryos as an internal control.
The embryos were incubated at 28°C + 1°C and observed every 24 hours under stereo microscope upto 96 hpf.
The embryos were screened daily and scored for survival, mortality, hatching, heart rate, developmental
abnormalities, morphological malformations like yolk sac edema, pericardial edema, bent spine, and compared
with control group. LCsowas calculated using probit analysis.

Statistical analysis

Results were expressed as Mean = SD. Statistical analysis was done using One-way ANOVA followed by
Bonferroni test for post hoc analysis. Differences at P < 0.05 were considered significant. LCs, was calculated
using Finney's Probit data analysis method.

Results and Discussion

The embryos from the control group and internal control were healthy and showed normal growth throughout
the observation period of 96 hours. The embryos hatched normally at 48 hpf (Fig 8A).
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LCso value

In the present study LCso was observed to be 225.16 pg/L at the end of 96 hours (Table 1). The lethal
concentration that caused 50% mortality (LCso) of DEHP was found to be 2.5 pg/L in zebrafish embryos at 72
hpf*®. LCs value of DEHP for zebrafish embryos from 72 to 168 hpf was reported as 54.02 mg/L*".

Table 1: LCs of zebrafish embryos exposed to different concentrations of DEHP (ug/L)
at 24, 48, 72 and 96 hpf using probit analysis

Exposure Period (Hours) LC50 (ug/L)
24 709.1
48 614.69
72 461.37
96 225.16

Cumulative mortality

The cumulative mortality was calculated for 24, 48, 72 and 96 hpf. The cumulative mortality was found to be
significantly increased in a time and dose dependent manner (Fig 1). The results of present research are in
agreement with the earlier work done where DEHP exposed embryos showed increase in the mortality rate'®
2 Mortality rate was also found to be increased in MEHP treated zebrafish embryos?.

80— Cumulative Mortality
*
« Control
£ 60 * {
3 $ Fz« = 02pgL
g ; { s 20pglL
.2 40— % L " *
s i ’ v 80 ug/L
g 20 { 140 pgL
{ ; o 200 gL
0 T 1 T 1
24 hpf 48 hpf 72 hpf 96 hpf
Exposure period of zebrafish embryos to DEHP (pg/L)

Fig 1: Cumulative mortality of zebrafish embryos exposed to different concentrations of DEHP (ng/L)
at 24, 48, 72 and 96 hpf. * Denotes significant differences between control and treatments
at different time periods at P < 0.05

Hatch rate and Hatchability

Hatching is known to be an important event in the life cycle of a fish. It is a crucial period of embryogenesis
and hence a key point in the biological clock of fish. The most widely used endpoint in developmental toxicity
studies of fish is hatching time or rate of hatching®. Hatching is the result of combined action of hatching
enzyme (chorionase), secreted by the hatching gland cells of the embryo, increased perivitelline pressure and
muscular contractions®. The hatch rate is the ratio of number of eggs hatched at time “X” to the number of
eggs or embryos alive at time “X”, whereas, hatchability is the ratio of number of eggs hatched with respect to
the total number of fertile eggs. Hatch rate was calculated from 50 hpf to 65 hpf at interval of 5 hours. It was
observed that hatching was delayed with increasing DEHP concentration (Fig 8E). As compared to control,
there was significant difference in hatch rate of embryos exposed to 80, 140 and 200 pg/L of DEHP at 65 hpf
(Fig 2). Significant decrease in hatchability was observed in 80, 140 and 200 pg/L of DEHP exposed embryos
(Fig 3). Significant delay in hatching time was found in embryos of Japanese medaka exposed to 0.1, and 1.0
ug/L of DEHP#,
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Fig 2: Hatch rate of zebrafish embryos exposed to different concentrations of DEHP (ng/L)
from 50 to 65 hpf expressed in %. Data is expressed as Mean + SD.
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Fig 3: Hatchability of zebrafish embryos exposed to different concentrations of DEHP
(ng/L) after 96 hpf. * Denotes significant differences between control and treatments
at different time periods at P < 0.05

Pericardial edema and Heart rate

The most sensitive teratogenic effect caused by DEHP was pericardial edema (Fig 4). Pericardial edema was
observed in DEHP treated embryos at 48, 72 and 96 hpf (Fig 8B, 8C, 8E). Embryos treated with 0.2 and 20
pg/L of DEHP showed pericardial edema at levels similar to control group. The embryos exposed to 80 ug/L
of DEHP showed significant increase in pericardial edema from 72 hpf while 140 and 200 ug/L of DEHP
showed significant difference from 48 hpf onwards. Zebrafish embryos exposed to DBP showed severe
deformities including pericardial edema, delayed yolk sac absorption, bent notochord, small eyes, short body
length?®. Reduction in heart rate of DEHP exposed zebrafish embryos was observed in the study. Embryos
exposed to 0.2 and 20 showed no significant change while 80 pg/L showed significant decrease from 72 hpf.
140 and 200 pg/L of DEHP showed significant decrease from 48 hpf onwards (Fig 5). Zebrafish embryos
exposed to 250 pg/L of DBP and DEHP showed reduction in heart rate along with pericardial edema?.
Zebrafish are highly useful, appropriate and suitable model for the study of cardiovascular development and
cardiotoxicity?”?%. The results of present study suggests that DEHP impairs the cardiac structure and function.
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One possible explanation for edema could be a disturbance of embryonic osmoregulation®. The heart might
be a priority or main target for DEHP toxicity during the crucial development period of zebrafish embryos.
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Fig 4: Pericardial edema occurring in zebrafish embryos exposed to different concentrations of DEHP
(ng/L) at 48, 72 and 96 hpf. * Denotes significant differences between control and treatments
at different time periods at P < 0.05
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Fig 5: Number of heart beats occurring in zebrafish embryos exposed to different concentrations of
DEHP (ug/L) at 48, 72, and 96 hpf for 60s. * Denotes significant differences between control and
treatments at different time periods at P < 0.05

Yolk Sac Edema

The first extra-germinal organ to form during gastrulation in fish is the yolk sac, which aids in the future
development of embryo®. Hence, another important morphological deformity seen in DEHP treated embryos
was yolk sac edema (Fig. 8B, 8C, 8D, 8E, 8F). There was no significant effect on the embryos exposed to 0.2
pg/L of DEHP. 20 pg/L exposed embryos showed significant increase at 96 hpf while 80 png/L showed the
difference from 72 hpf onwards. Significant increase in edema was observed in 140 and 200 pg/l of DEHP
treated embryos from 48 hpf onwards (Fig 6). In developmental toxicity studies of zebrafish yolk sac edema is
very commonly observed pathology and a sensitive toxicological outcome for evaluation of embryos®. Yolk
sac edema could also result into cardiac defects. In oviparous fish, embryos use endogenous yolk nutrients
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present or buildup in the oocyte during the development of embryos®. Nutrient supply might get blocked by
the impairment in the yolk sac of the developing embryos and thus the energy limitation could affect the heart
function®. This is also a potential reason for pericardial edema®. A pathology known as ‘blue sac syndrome’
is characterized by yolk sac edema and pericardial edema®.
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Fig 6: Yolk sac edema occurring in zebrafish embryos exposed to different concentrations of DEHP
(ng/L) at 48, 72, and 96 hpf. * Denotes significant differences between control and treatments
at different time periods at P < 0.05

Spinal Deformities

Spinal deformities like scoliosis, lordosis and kyphosis were found in zebrafish embryos exposed to DEHP
(Fig 8B, 8C, 8D, 8E, 8F). 140 and 200 pg/L of DEHP showed significant difference in spinal deformities from
72 hpf onwards (Fig 7). Zebrafish and humans share a high degree of genetic conservation and have similar
structure and morphology of the spine®, Hence there are various benefits of using zebrafish as model for
studying human spine deformities. Among several malformations, spinal curvature is another malformation
often seen in embryos and larvae of zebrafish exposed to toxic chemicals®. The three varied spine deformities
may result from a variety of conditions, such as differential toxicant buildup, impaired neuromuscular
coordination and decreased AChE activity®®. Changing amino acid composition and decreased amounts of
collagen in the spinal column can also result into spinal deformities**. DEHP may get accumulated in the
embryos and interfere with neuromuscular activity. This could have adversely led to spinal curvature in DEHP
exposed embryos.
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Fig 7: Abnormal curvature of the spine occurring in zebrafish embryos exposed to different
concentrations of DEHP (ng/L) at 72 and 96 hpf. * Denotes significant differences between control and
treatments at different time periods at P < 0.05
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Fig 8: Morphological effects of DEHP on zebrafish developmental stages. A - Normal embryo at 48 hpf;
B, C and F - embryo with pericardial edema, yolk sac edema and spinal deformity at 48 and 96 hpf
respectively; D - embryo with pericardial edema and spinal deformity at 72 hpf; E — embryo with
pericardial edema, yolk sac edema, spinal deformity and delayed hatching at 72 hpf. Star denotes
pericardial edema, Single side arrow denotes spinal deformity and double side arrow denotes yolk sac
edema.

Conclusion
The results of present study indicate that DEHP can cause developmental abnormalities and toxicity in the
embryos of zebrafish. The mortality and abnormalities increased in concentration and time dependent manner.

Thus, it was ascertained that DEHP cause harmful effects on developmental stages, thereby disturbing the
population dynamics in the given aquatic ecosystem contaminated with DEHP. Hence, this study calls for a
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more judicious use of DEHP and its possible replacement with other substitute compounds as plasticizers in
order to mitigate its aquatic environmental toxicity.
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