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Abstract

Diethyl phthalate (DEP) is used as a plasticizer and arrives at the aquatic environment from different industries and
can cause deleterious effects to fish. Great concern regarding the effects of these compounds in nature has evolved as a
consequence to their endocrine-disrupting properties. Most of the studies on the endocrine-disrupting effects of chemicals
in nature are based on their effects on the reproduction of fish and on changes in their genital structures. In the present
study, the effect of exposure of female Channa striatus to DEP has been investigated. The treatment caused reduction in
gonadosomatic index, ova diameter and fecundity. This may be due to the endocrine disrupting activity of this chemical.
Histopathological examination of the ovary of DEP-exposed fish showed dose-dependent regressive changes as a result of
estrogenic endocrine disruption. The present study strongly suggests that DEP induces endocrine disruption adversely

affecting the reproductive potential of female Channa striatus.
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1. Introduction

Endocrine disruptors are substances or compounds that
interfere with the normal functioning of the endocrine
system which otherwise helps organisms to live in
harmony with their nature. Phthalate, a known Endocrine
Disrupting Chemical (EDC), used as a matrix for plastics
and cosmetics, is an alkyl di-ester of phthalic acid based
on the length of chains'. Phthalate is widely used in day
to day life. It is also used as a plasticizer, solvent and
additive in many day-to-day consumption products,
especially in food packaging. Phthalates increase the
flexibility and durability of plastics. These are used in
the manufacture of Polyvinyl Chloride (PVC), medical
supplies, and packaging of food and personal care items>.
Due to the lipophilic nature, phthalates penetrate into the
high fat diets such as milk and milk products, meat and
meat products, fish, vegetable oils and fats. The European
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Zone produces and imports more than 103 tonnes of
DEP and DMP per year and more than 105 tonnes of
DPHP and DEHP per year®. Continuous emission from
industrial areas and the resulting pollution adversely
affects fish reproduction. Previous findings show that
diisononyl phthalate and di (2-ethyl hexyl) phthalate did
not produce any change in the body weight at 300 ppm
and 60 ppm concentrations after 60 days of exposure to
the fish Oreochromis mossambicus**. On the other hand,
high levels of mucus production have been observed in
freshwater fish Cyprinus carpio subjected to Di-Butyl
Phthalate (DBP) and Di-Ethyl Phthalate (DEP) exposure®.

In jawed vertebrates, the gonadal growth and
development is controlled by the follicle stimulating
hormone (FSH) and Leuteinizing Hormone (LH). The
synthesis and release of these hormones is regulated
by the Hypothalamo-Pituitary-Gonadal (HPG) axis’.

Accepted on: 10.10.2022



Effects of Sub-lethal Concentrations of Plasticizer ...

The synchronization of the HPG axis is contributed by
the endocrine feedback of gonad-derived activin and
inhibin on® The fish populations which are exposed to
chemicals possessing endocrine disrupting properties
show reproductive disorders in both male and female
fishes. Moreover, studies in our laboratory revealed
that exposure to various chemicals disturbed the
physiological and metabolic activities in different fresh
water species” . Therefore, the side effects of chemicals
that disrupt the functioning of the endocrine system in
fish are reproductive behavior, delay in sexual maturity,
alteration of gonado-somatic indices, level of vitellogenin,
sperm parameters, activities of steroidogenic enzymes
and changes in hormonal parameters are identified by
different assessment methods".

Early research suggests that phthalate exposure may be
associated with diabetes, insulin resistance, obesity, breast
cancer, immunity, disruption in endocrine system and
other metabolic disorders'?. Adverse neurodevelopment
and autistic behaviors in children may be associated
with impaired cognitive and motor development caused
due to phthalate contamination'>'*. Phthalates have also
been found in packaging materials and in non-packaged
foods. Product pollution is caused by water, air and soil
contamination, overuse and discharge into landfills.
Phthalates can bind to estrogen receptors and alter the
production of vitellogenin (VTG) in aquatic species
thereby causing an endocrine disrupting activity. In the
present study, we investigated the effects of different sub-
lethal concentrations of Di-Ethyl Phthalate (DEP) on the
reproductive functions of freshwater murrel, Channa
striatus.

2. Materials and Methods

Healthy female C. striatus (80 + 4 g body weight, 20 £
2 cm length) were collected from local paddy fields,
and carefully brought to the laboratory. The fish were
acclimatized to laboratory conditions for a couple of
weeks in a large tank (1000 L capacity) when they were
fed with natural food viz, tilapia fingerlings, insects,
earthworm, efc. Water was renewed daily to avoid
accumulation and contamination of excretory materials.
Feeding was withheld for 24 hrs before to the beginning
of the experiment. Fish showing any abnormal behavior
was removed from the tank as soon as possible. The
physicochemical characteristics of the tap water used in
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this study were as follows: temperature -22 + 2 °C; pH-7,
dissolved O, - 4.48 + 1.6 ml1-1; alkalinity - 35 + 2ppm and
CO,- 8 + 2ppm.

Diethyl phathalate (99.99%) was procured from
the Central Drug House, Mumbai. Stock solution was
prepared by dissolving 1 mL of DEP in 9 mL distilled
water (10 times dilution). Test concentrations were
prepared by diluting appropriate aliquots of the stock
solution. LC, of DEP was statistically determined
using probit analysis based on least squares (normal
distribution) method generated by Statplus 2009 version
5.8.4.0 software (Figure 1). For this, a preliminary
range finding assay was conducted in which eight fishes
were randomly selected from the stock and exposed to
increasing test concentrations of DEP (10 to 80 ppm at
10 ppm interval) for 96 hrs. Water was changed every
day with fresh DEP-mixed water to sustain stable level of
DEP during the exposure period. The LC, value for DEP
was found to be 70 ppm. For the experiment, three sub-
lethal concentrations (i.e. 0.4 ppm, 4 ppm and 40 ppm)
were selected, along with a negative control. Observations
were made on 7%, 14" & 21* day of the experiment when
the fishes were sacrificed by decapitation; gonads were
dissected out, and the gonadosomatic index, diameter of
ova and fecundity were determined. Gonads were fixed in
Bouin’s fixative and processed for histological examination
adopting the standard methods such as dehydration,
embedding, sectioning and staining in haematoxylin and
eosin. The stained sections were examined in a research
microscope. Photomicrographs were obtained using
Lumenera- Infinity 1 (Model N9032789) camera fitted to
Olympus S761 (Model SZ2-ILST) research microscope.

3. Results

In the present study, sub-lethal effects of diethyl phthalate
on the reproductive indices of Channa striatus were
evaluated.

The Gonadosomatic Index (GSI) of control and DEP-
exposed fish is show in Table 1. The GSI decreased at all
exposure levels of DEP in a dose-dependent manner. This
decrease in GSI was significant (p<0.05) in 4 ppm (for
day 14 and day 21) and 40 ppm (for all exposure periods)
concentrations of DEP.

The diameter of ova was found to be decreased in
0.4 ppm, 4 ppm and 40 ppm concentrations of DEP in
all exposure periods, compared to control. Reduction in
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Figure 1.  Screenshot of probit analysis based on least squares [Normal Distribution] method generated by Statplus 2009
version 5.8.4.0 software.

Table 1. Gonadosomatic index (Mean * SE) in control and DEP-exposed fish

Gonadosomatic Index (%) Control 0.4 ppm 4 ppm 40 ppm
Day 7 37.4%40.3 35.24+0.4 32.53+0.4 *30.15%0.2
Day 14 37.440.3 34.72+0.3 *31.2+0.08 *28.62+0.6
Day 21 37.440.3 33.31+0.6 *30.43+0.4 *25.1740.3
*Significant (p<0.05)
Table 2. Diameter of ova (Mean * SE) in control and DEP-exposed fish
Ova diameter (um) Control 0.4 ppm 4 ppm 40 ppm
Day 7 1317.64 +0.6 13155+ 0.9 1313.6 £0.4 *1283.5+0.2
Day 14 1317.64 +0.6 1312.7 +0.4 1311.9 £0.3 *1280.4 +0.5
Day 21 1317.64 +£0.6 1310.8 £ 0.5 *1285.3 +0.2 *1278.4+0.9
*Significant (p<0.05)
Table 3. Fecundity (Mean * SE) in control and DEP-exposed fish
Fecundity Control 0.4 ppm 4 ppm 40 ppm
Day 7 965.23 £0.3 963.7+0.5 960.7+0.2 *943.5+0.4
Day 14 965.23 £0.3 958.4+0.4 956.6+£0.9 *935.6+0.2
Day 21 965.23 +0.3 954.5+0.3 *945.7+0.2 *930.5+0.4
*Significant (p<0.05)
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Figure 1. Histology of ovary of control fish. (A)
Vitellogenicstage (B) Previtellogenic stage (C) Cytoplasm
(D) Oocytes (E) Zona pellucida.

Figure 2.  Histology of ovary of DEP (0.4 ppm) exposed
(Day 21)Fish. (A) Atresia of oocyte (B) Disrupted ovarian
wall (C) Vacuolation.

Figure 3.  Histology of ovary of DEP (4 ppm) exposed
(Day 21) fish. (A) Retraction of cytoplasm (B) Disrupted
ovarian wall (C) Vacuolation (D) Interfollicular space
(E) Necrosis.

diameter of ova was found significant (p<0.05) in 4 ppm
(i.e,, on day 21) and 40 ppm (for all exposure periods)
concentrations of DEP in comparison to control (Table
2).

A decrease in fecundity was observed in all exposure
periods of DEP in a dose-dependent manner. This
decrease was found to be significant (p<0.05) in the fish
exposed to 4 ppm (i.e., on day 21) and 40 ppm (for all
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Figure 4. Histology of ovary of DEP (40 ppm) exposed
(Day 21) fish. (A) Atresia of oocyte (B) Disrupted ovarian
wall (C) Vacuolation (D) Inter follicular space (E) Adhesion
of oocytes (F) Deformed oocyte.

exposure periods) concentrations, when compared to
control (Table 3).

The histo-architecture of ovary of DEP- exposed (0.4
ppm, 4 ppm & 40 ppm) fish on day 21 showed atresia of
oocyte, disrupted ovarian wall, retraction of cytoplasm,
vacuolation, necrosis, inter follicular space, adhesion of
oocytes and deformed oocyte.
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4. Discussion

Given the over-production, overuse and the consequent
presence of phthalates in the environment, phthalates
have the potential to target the ovaries at all stages of
development, including in the adult. The harmful nature of
phthalates canlead to premature ovarian failure, decreased
ovulation, infertility and impaired steroidogenesis'>'.
Therefore, exposure to phthalate interferes with different
ovarian functions in different systems, leading to
abnormal reproductive and post-reproductive functions.
Earlier studies in our laboratory revealed that as an
endocrine disruptor, plasticizers like Bisphenol A and
DEP disrupted the haematopoietic system, metabolic
machinery and histoarchitecture of organs of freshwater
fish species'”'®!. Reduction in gonadosomatic index,
ova diameter and fecundity of DEP-exposed fish can be
attributed to the endocrine disrupting activity of this
chemical. In aquatic species, phthalates influence female
reproduction, although mainly interfering with egg
production and biasing sex ratio. Changes observed in
the histo-architecture of ovary of DEP-exposed fish may
be due to disruption of oogenesis. DEP is an Estrogenic
Endocrine Disrupting Chemical (EEDC). The outcomes
of EEDCs on aquatic organisms are properly established
as this has a tendency to be the most comprehensively
investigated facet of endocrine disruption in fishes. These
changes were noticeable at conflicting levels of biological
importance depending on several facets comprising the
length and rate of recurrence of exposure, the specific
exposure chemical(s), age, developmental stage, season,
and sex.

Decreased gonadosomatic index in Heteropneustes
fossilis fish after long-term exposure to DEHP and acetyl
tri-butyl has been reported®. Another study found that
exposure to high concentration of DBP in adult male
Murray rainbow fish caused testicular degeneration,
including vacuolated cells, apoptotic bodies, interstitial
fibrosis and overgrowth?. Phthalate exposure affects
oocyte replication in peri-ovulatory phase and MEHP
exposure at 5 to 100 uM for 22 to 24 hrs causes denuded
oocytes, the cumulus-oocyte complex, and decrease the
number of cells that have progressed from meiosis II
to advanced metaphase II*. Contact with di-isononyl
phthalate (DINP) and di-(2-ethylhexyl) phthalate
(DEHP) has been shown to reduce the activity of some
of the steroidogenic ezymes present in the ovaries and
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testicles of Oreochromis mossambicus during proximal
activity?>*. Studies have shown that DBP causes oxidative
stress through extracellularly controlled pathways as well
as through calcium ion signals. In addition, it causes
testicular damage in mice®.

Studies have shown that phthalates at 10-100 pm
concentration treated to mice for 72 hrs caused collapse
of the spermatogenic cell store and affect the primordial
follicle assembly*. Exposure to DEHP causes heretable
changes in the DNA affecting methylation process in
rat oocytes, which in turn would affect oocyte growth?.
A single intraperitoneal injection of DIBP to pregnant
mice changed the structure of the foetus follicles®.
DEHP at 20-750 pg/kg/day for 10 to 30 days in mature
mice accelerates the recruitment of the primordial
follicles, resulting in decrease of the primordial follicles
and increase of the primary follicles”. MEHP exposure
of mouse uterus enhances follicular formation, and 100
to 1000 mg/kg/day MEHP exposure from 17 to 19 days
of gestation increases preantral and antral follicles of F1
mice®.

DEHP exposure of mice at 0.5 to 5 mg/kg/day dose
during pregnancy and lactation reduces the number of
oocytes that reach the stage of ovulation and meiosis I in
adults®'. Exposure of 25 to 50 mg/kg/day DEHP to adult
sheep has been shown to reduce the copora-lutea and
the luteal phase of the estrous cycle®?. Experiments with
phthalate levels that are within human exposure range
are useful for deciphering monotonic dose responses™-.
It has been shown that DEHP exposure of mice at 1000
to 3000 mg/kg/day dose through oral gavage reduces
serum estradiol levels®. Similarly, DEHP exposure results
in decreased levels of serum testosterone, progesterone,
LH and FSH*. DEHP exposure of adult mice at 500
to 2000 mg/kg/day dose through oral gavage for 16
weeks caused increase in the length of estrous cycle,
apoptosis of granulosa cells and cell cycle arrest, as well
as decrease in serum progesterone levels”. In human
luteal cells extracted from corpora-lutea, the production
of progesterone, which stimulates basal and human
chorionic gonadotropin, is reduced by exposure to DEHP,
DBP and BBP at levels of 10° to 10° M for 24 hrs*. A
survey of women between the ages 6-20 and 40-60 by the
National Health and Nutritional Examination Survey,
found that the amount of phthalate metabolites present in
the urine of women was associated with a decrease in the
total testosterone level®.
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A 2012 study in Swedish children found that
phthalates from PVC flooring enter children’s bodies
not only through food but also through the skin and
breath*. In adult Murray rainbow fish, exposure to high
levels of Di-Butyl Phthalate (DBP) caused the testicles to
degenerate, so as to result in vacuolated cells, apoptotic
bodies, interstitial fibrosis, asynchronous development
and a significant reduction in sperm count®. In the
human body, phthalates are hydrolyzed into monoesters,
which are then converted to more hydrophilic metabolites
by enzymatic oxidation of the alkyl network, and later
oxidized and converted as mono-2-ethyl-5-hydroxyhexyl
phthalate and mono-2-ethyl-5-oxohexyl phthalate®’.
An epidemiological study in adult men has shown that
phthalate exposure is associated with testicular function,

especially low sperm quality relationships*2. In addition
to the direct effects of phthalates, viz. interaction with
steroid hormone receptors, phthalates cause proliferation
of cancer cells that are susceptible to hormone deficiency,
as well as the malignant invasive formation of breast
cancer. In addition, they show inverse estrogenic or
androgenic effects*.

5. Conclusion

The present study leads to the conclusion that di-ethyl
phthalate (DEP), as an EEDC, adversely affects the
functioning of the female reproductive system of the
freshwater murrel Channa striatus.
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