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THE EFFECTS OF ENDOCRINE DISRUPTORS ON SOME VERTEBRATES

ABSTRACT

The studies about the histological effects of endocrine disruptor
chemicals on vertebrates were presented and evaluated, and it was aimed to
be summarized in such a way that it can generate resources for future
studies. The available literatural information was arranged as review by
revising in the direction of the researches in Kafkas University, Faculty
of Arts and Sciences, Department of Biology Laboratories. Although the
endocrine disruptor chemicals presence 1is tried to be limited at the
ecosystem level, the extensive usage of this chemicals in wvarious areas
still continues. Many organisms are directly or indirectly exposed to the
adverse effects of endocrine disruptor chemicals in this direction. 1In
this review, histological changes occurring in vertebrates as a result of
exposure to endocrine disruptor chemicals were investigated. It has been
reported that different endocrine disruptor chemical types cause similar
histopathological findings in vertebrates 1in the data obtained from
investigations. In the context of the examined data, the effects of
endocrine disruptors on some tissues seem to be more variable.
Histopathology is a wuseful tool in endocrine disruptor studies and may
provide information on the mechanism of endocrine disruptors that 1is
sometimes unexpected.
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ENDOKRIN ENGELLEYICILERIN BAZI OMURGALILAR UZERINDEKI ETKILERI

oz

Bu derlemede, endokrin bozucu kimyasallarin omurgalilarda histolojik
etkileri tUzerine vyapilan c¢alismalar dederlendirilerek sunulup, gelecek
calismalara kaynak saglayacak sekilde Ozetlenmesi amaclanmistir. Elde
edilebilen literatiirel bilgiler, Kafkas Universitesi, Fen-Edebiyat
Fakiiltesi, Biyoloji Bolimti  Laboratuvarlari’nda yapilan arastirmalar
dogrultusunda gdzden gegirilerek vyeniden diizenlenmistir. Endokrin bozucu
kimyasallarin varligi ekosistem seviyesinde sinirlandirilmaya c¢alisilsa
da, bu kimyasallarin ¢esitli alanlardaki vyaygin kullanimi halen devam
etmektedir. Bircok organizma dorudan veya dolayli olarak endokrin bozucu
kimyasallarin bu yondeki olumsuz etkilerine maruz kalmaktadir. Bu
derlemede, omurgalilarda endokrin bozucu kimyasallara maruz kalma sonucu
ortaya c¢ikan histolojik degisiklikler arastirilmistir. Arastirmalardan
elde edilen wverilerde, farkli endokrin bozucu kimyasal tirlerin,
omurgalilarda benzer histopatolojik bulgulara neden oldudu bildirilmistir.
incelenen veriler badlaminda, Dbazi dokulardaki endokrin bozucularin
etkileri daha degisken gibi gbzlikmektedir. Histopatoloji endokrin bozucu
calismalarinda faydali bir arac¢ olup, endokrin bozucularin mekanizmasi
hakkinda beklenmeyen bilgiler verebilir.

Anahtar Kelimeler: Endokrin Engelleyiciler, Toksikasyon,

Histopatoloji, Biyoloji, Hormon
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1. INTRODUCTION

Endocrine disruptors are one of the external factors that have
entered our life as a result of industrialization. Endocrine
disruptors may interfere with endocrine process at several layers and
may break the welfare status. A wide variety of chemicals can interact
with the endocrine system, even at very low exposure levels.
Alterations in development, changes 1in the reproductive system,
decrease in fertility, changes in behavior in addition to changes in
the Dbrain, disorders of the immune system, and increase 1in the
incidence of certain types of cancer such as endometriosis are major
adverse effects of the endocrine disrupters caused in the organism.
Some of prominent endocrine disruptors are industrial solvents (e.g.
polychlorinated biphenyls and polybrominated biphenyls, phthalates,
dioxin derivatives, and plastics), and pesticides (e.g. methoxychlor,
chlorpyrifos, dichloro diphenyltrichloro ethane), and fungicides (e.g.
vinclozolin) (Vos et al., 2000; Fox, 2001; Curtis and Skaar, 2002;
Hale, 2012; Ertorer, 2013; Li et al., 2017).

The main concerns about endocrine disruptors are as follows:

e That endocrine disrupters may bring about health
effects at even very low levels of exposure

negative

e We are exposed to a wide variety of endocrine disruptors without
being noticed and throughout our lives

e These chemicals are widely distributed around the environment
and harm both humans and animals.
Below 1is a small list of common chemicals that are thought to

interact with the endocrine system (Table 1; Hale, 2012).
Table 1. Potential endocrine disruptors (Hal, 2012)
Class Chemical Use
Pesticide DDT Insecticide (no longer
allowed in US)
2.4-D Herbicide
Atrazine Herbicide

Plastics ingredients

Bisphenol-A

Hardener in plastics,
building block for
polycarbonate plastic

Phthalates Softener in plastics,
solvent
Industrial chemical Nonylphenol (Breakdown Detergents, paints,
nonylphenol (Breakdown | product of nonylphenol pesticides
Product of Nonylphenol | ethoxylates)
Ethoxylates)

Fire retardant

Polybrominated diphenyl

Fire retardant

Ethers (PBDEs)
Drug Diethystilbestrol (DES) No longer used to
prevent miscarriages
Contaminants Dioxin Byproduct PVC plastics,
incineration byproduct,
contaminant in certain
chlorinated compounds
Arsenic, Lead, Mercury Widespread contaminants

Polychlorinated biphenys
(PCBs)

Formerly used in
transformer oils

There 1is
disruptors during
2003) .

and
to wvaginal

and Fenton,
that natural
addition

increasing
development 1is
endocrine disruptor chemicals may cause cancer in later life
For example,
synthetic

cancers.

evidence that

estrogens
Animal

can
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environmental pollutant, can interact with the development of breast
tissue and potentially bring about cancer (Ankley et al., 2001; Gray
et al., 2002; Parrott and Wood, 2002; wvan der Oost et al., 2003; Vos
et al., 2000; Hale, 2012). Another organ that 1s sensitive to
endocrine disruptors, the thyroid glands and therefore the nervous
system, begins to develop very early in pregnancy. Thyroid hormone
production 1is regulated by a sensitive feedback system among the
hypothalamus, pituitary, and thyroid gland. For normal brain
development, brain cell growth and migration to affect the formation
of connections between cells, and general functional development,
thyroid hormone is indispensable. Reduced thyroid hormone, negatively
affects all aspects of brain development. For proper development of
hearing, normal thyroid function is also essential. A variety range of
chemicals may be adversely interfere with thyroid hormone (Howdeshell,
2002), and there is an increased concern that early exposure to fetal
and endocrine disruptors results in neurodevelopmental disorders
(Zoeller, 2001; Schmutzler et al., 2007; Ahmed et al., 2008; Patrick,
2009; Jugan et al., 2010; Parent et al., 2011; Hale, 2012). By this
review, it was aimed to summarize the available data and to constitute
a source for further studies to be done by evaluating studies on the
histopathological effects of bacteria, algae, fungus, plant and animal
originated toxins on mammals which are contaminants of many materials
worldwide and can cause both health effects and economic losses.

2. RESEARH SIGNIFICANCE

Endocrine disruptors are exogenous chemicals, or mixture of
chemicals, that can interfere with any aspect of hormone action. The
developmental period at which endocrine disruptors exposures occur is
a critical consideration in understanding their effects. In natural
ecosystems, the wvarious biological activities or the presence of
endocrine disruptor chemicals in the nature of the organisms are
important with regards to influencing the quality of 1life and health
of the other organisms. In this context, the histopathological effects
of the endocrine disruptor chemicals on some vertebrates as a strong
indicator of the effects of endocrine disruptors have been assessed
and interpreted by reviewing recent studies.

3. EXPERIMENTAL METHOD-PROCESS

The available literatural information was arranged as review Dby
revising in the direction of the researches in Kafkas University,
Faculty of Arts and Sciences, Department of Biology Laboratories.

4. RESULTS AND DISCUSSION

Histological changes can be used as sensitive tools to detect
the direct toxic effects of various compounds and are considered good
indicators of environmental stress (Schwaiger et al., 1997; Leino et
al., 2005; Fontanetti et al., 2014). Histopathological studies play a
supporting role Dby providing more information about possible
mechanisms of action of pesticides on biomarkers at the cellular and
molecular level and on non-target organisms (Miller-Morey and Dolah,
2004) . Examination of gonadal histopathology is thought to be useful
in understanding and assessing the effects of potential endocrine
disrupting chemicals on fish and other organisms (Leino et al., 2005).
In a research, the effects of bisphenol A (BPA) or l7b-estradiol (E2)
exposure on the 1liver and testis of Cynoglossus semilaevis were
investigated. In particular, this research observed the pathological
alterations 1in the 1liver (e.g., cellular swelling, hepatocyte
adhesion, and wvacuolation, etc.) and testis (e.g., cellular swelling,
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sperm deformation, and flagellum Dbending, etc.). Results of the

investigation revealed that exposure dose and response indicators are
correlated with each other, and BPA or E2 exposure at different doses
induces some degree of damage to C. semilaevis tissues on a
histopathological level. Accordingly, this research provides a window
for developing C. semilaevis as a model of marine fish in determining
the effects of other kinds of pollutant exposure on the aquatic
ecosystem and on humans (Figure 1-2; Li et al., 2017).

Control

50 mg/Kg BPA

100 mg/Kg BPA

200 mg/Kg BPA

10 mg/Kg E2 B8

Figure 1. Normal liver of C. semilaevis: (i) hepatic plates with
ordered arrangement, 200x; (ii) clear cell boundaries, 400x; (iii)
vacuoles contained in some hepatocytes, 1000x. (A-L) Liver of C.
semilaevis exposed to (A-C) 50 mg/kg BPA: (A) some hepatocytes with
enlarged nucleus, 200x; (B) increased vacuoles in some hepatocytes,
400x; (C) vacuolation in separate hepatocytes, 1000x. (D-F) 100 mg/kg
BPA: (D) enlarged blood sinusoids (BS), 200x; (E) swollen blood cells,
400x; (F) degenerated cytoplasm and deformed nuclei, 1000x. (G-I) 200
mg/kg BPA: (G) congested blood vessels, 200x; (H) swollen blood cells
and enlarged blood sinusoids, 400x; (I) blurred cellular margins and
irregular nuclei, 1000x. (J-L) 10 mg/kg E2: (J) necrosis of blood
cells in blood vessels (arrow), 200x; (K) enlarged blood sinusoids
(arrow) and vacuolar degeneration of hepatocytes (thick arrow), 400x;
(L) adherent hepatocytes (arrow), 1000x (Li et al., 2017)
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200 mg/Kg BPA

10 mg/Kg E2

Figure 2. Normal testis of C. semilaevis: (i) seminiferous tubule with
ordered arrangement, 100x; (ii) lobules and follicle in testis, 2003;
(iii) spermatogonium (box), spermatocyte (arrow), and spermatid (thick
arrow), 4003. (A-I) Testis of C. semilaevis exposed to (A-C) 100 mg/kg
BPA: (A) oocytes (arrow), 400x; (B) dispersed nucleus (thick arrow)
and swollen Sertoli cells (arrow), 1000x; (C) numerous sperms and
fragmented tail (arrow), 10003. (D-F) 200mg/kg BPA: (D) almost hollow
lobule, 200x; (E) atrophy or degenerated Leydig cells, 400x; (F)
dissolved cell membrane and deformed sperm, 1000x. (G-I) 10mg/kg E2:
(G) dark colored, basophilic nuclei, 100x; (H) swollen cells and
fragments, 400x; (I) enlarged nucleus and bending flagellum, 1000x (Li
et al., 2017)

In the other research, adult male fish, Cyprinus carpio carpio,
were exposed to three graded concentrations of BPA (10, 100 and
1000pg/L) for a period of 21 days, to evaluate the estrogenic effect
of Bisphenol A (BPA). A single dose of 17-p estradiol (lng/L) was used
as positive control. The end points assessed at the end of the
exposure period were condition factor, hepatosomatic index (HSI),
gonadosomatic index (GSI), histopathological changes in the testis and
lobular diameter. It was reported that BPA caused a significant
decrease in gonadosomatic index (GSI) of the fish at the median
concentration of 100pg/L. The major alterations observed in the gonad
structure were a significant decrease (p£0.001) in the lobular
diameter (65.1%12.2um) compared with control (211.74£36.60um) and
complete loss in lobular structure with degenerating spermatozoa in
some carps. The histopathological effects also include delayed sperm
maturation and impaired spermatogenesis. The findings clearly showed
marked adverse histopathological effects of gonads of adult carps when
exposed to BPA (Figure 3-4; Al-Sakran et al., 20106).
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Figure 3. Photomicrographs of transverse sections of C. carpio carpio
males from the control group and the group exposed to 10 ug/L of BPA.
a) Testis (20x) of the control group with seminiferous lobules (S1)
filled with spermatozoa (SPZ). b) Testis (40x) of carp exposed to 10
ug/L of BPA. Notice atrophy of seminiferous tubules (S1l); a slight
decrease in lobulardiameter and increased perilobular connective
tissue (star). c) Testis (20x) of carp exposed to 10 pg/L of BPA
showing different stages of oocytes (arrowheads) in contact with the
testis with seminiferous lobules (S1). d) Higher magnification (100x)
of the previous histological section focusing on the oocytes at
different developmental stages. Notice Testis section (star),
Vitellogenic stage of oocyte (arrowhead), Previtellogenic stage of
oocyte (arrows) (Al-Sakran et al., 2016)
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Figure 4. Photomicrographs of transverse sections of C. carpio carpio
males from the groups exposed to 100ug/L, 1000ug/L of BPA and 1ng/L of
E2. a) Testis (20x) of carp exposed to 100ug/L of BPA demonstrating
acute testicular atrophy and vacuolated seminiferous lobules (arrows).
b)Testis (40x)of another carp exposed to the same concentration,
100ug/L of BPA showing reduced lobular diameter , disintegration of
the lobular structure(star), few residual spermatogonia (SPG) (arrows) .
c) Testis (100x) of carp exposed to 100ug/L of BPA showing pyknotic
spermatogonia (arrows); presence of oogonia within the seminiferous
lobules (arrowheads). d) Testis (20x) of carp exposed to 1000ug/L of
BPA showing testicular organization; slightly reduced lobular
diameter; spermatozoa (SPZ); spermatogenic cysts (SC). e) Testis (20x)
of carp exposed to 1lng/L of E2 showing reduced lobular diameter;
degeneration of seminiferous lobules (arrows). f) Higher magnification
(40x) of the testis of carp exposed to the 1lng/L of E2 showing
residual spermatogonia (arrows), distorted lobular structure (S1) and
degenerating germinal epithelium (star) (Al-Sakran et al., 2016)

In another research, in order to investigate the effects of
Escravos crude oil on serum cholesterol, estradiol and progesterone in
Chinchilla rabbits, a total of thirty female Chinchilla rabbits of age
twelve to fourteen weeks and weighing 1.2 to 1.45kg were used. Crude
0il was orally given at the dose of 15, 20, 25 and 30mg/kg Dbody
weight, corresponding to groups B, C, D and E, respectively for 28
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days while group A was the Control. The results showed a significant
increase in serum levels of estradiol, cholesterol and ovary weight
(p<0.05) while a significant decrease in serum level of progesterone
(p<0.05) was observed. The histological findings include: ovarian
cysts, fibrosis, marked lymphocytic infiltrations and hydropic cells.
Therefore, Escravos crude o0il could be considered as a potential
endocrine disruptor which can affect the tissue architecture and the
endocrine functions of the ovary (Figure 5-9; Ogechukwu et al., 2014).

P < M R
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Figure 5. Group A (control): Figure 6. Group B (15mg/kg):
Ovarian section with a section Ovarian section with interlacing
of a developed (arrow at the bundles of closely packed
top) and developing follicles fibrocystic cell type with
(arrow head), HEx200 (Ogechukwu elongated spindle-shaped basophilic
et al., 2014) nuclei (arrows). The follicles are

enlarged and cystic (arrow head),
HEx200, Ogechukwu et al., 2014)

.i:_‘_ 8y
&> 9%.. o :
Tyl .,::; 7y ‘};« @

4 w~ N -@ j {:
2 B

p L W

) -

Figure 7. Group C

Ovarian section with interlacing Ovarian section with fibrocystic
bundles of closely packed cell type and cystic spaces. Also
fibrocystic cell types with observed are hydropic cells
elongated spindle-shaped (brown arrow heads), HEx200,
basophilic nuclei (arrow). Also Ogechukwu et al., 2014)

observed are hydropic cells
(brown arrow head) in some areas
and multi-ovarian cysts (black
arrow heads), HEx200 (Ogechukwu
et al., 2014)
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Figure 9. Group E (30mg/kg): Ovarian section with multi-hydropic cells
(four black arrows) and fibrosis (black arrow heads), HEx200
(Ogechukwu et al., 2014)

5. CONCLUSIONS AND RECOMMENDATIONS

° Based on examined information, it has been determined that
endocrine disrupter chemicals chosen can cause toxicity at
different degrees depending on the amount of toxicity of the
endocrine disrupter chemical the vertebrates are exposed to.

° And also toxicity increases 1in parallel with the amount of
endocrine disrupter chemicals that is exposed and the exposure
period.

. Additionally, it was reported that the effects may vary
depending on the type of endocrine disrupter chemical.

. As a result, the research results evaluated are similar to each
other.

NOTICE
This work is presented at 05-08 September 2017, 27 International
Science Symposium (ISS2017) in Tbilisi-Georgia.
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