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Epidemiological studies are available for environmental endocrine 
disruption in humans. For the past two decades, our laboratory worked 
on the effect of polychlorinated biphenyls (PCBs) / Bis (2-ethylhexyl) 
phthalate (DEHP) on male reproduction as well on selected brain 
regions on albino rats only. Zala & Penn1 studied on populations of 
wildlife and they are impacted by endocrine disruption.

Apart from toxicity, the embryonic period is particularly important 
in this regard, as it is a developmental window when DNA becomes 
modified through methylation, demethylation and or remethylation, 
a process that is thought to play a key role in cellular differentiation. 
Studies available on the high urinary concentrations of phthalate 
monoesters, the primary metabolites of phthalates and the incidence of 
anomalies such as cryptorchidism and shortened Anogenital distances 
(AGD) on new born males suggesting that the Leydig cell function 
is disrupted. Our recent study demonstrated that in utero exposure to 
phthalates downregulates critical genes in testicular Leydig cells of 
F1 male progeny.2

Lactational exposure of PCBs downregulates critical genes in 
Leydig cells of F1 male progeny (Post natal day 21).3 It impairs Leydig 
cellular steroidogenesis in F1 progeny (post natal day 60).4 Phthalate 
causes long term disruption in testicular Sertoli cells of F1 generation 
of pubertal rats.5 PCBs affect rat Sertoli cell markers and functional 
regulators in F1 offspring.6 Lactational exposure of PCBs affects 
FSHR, ERα , ERβ, inhibin β, ABP, transferrin, transcription factors 
regulating FSHR, AR and the Sertoli cellular junctional proteins of F1 
progeny.7 Previous studies also proved in adult animals.8–10

Endocrine disruptors induced epigenetic changes in specific genes 
that are involved in the regulation of endocrine pancreas,11 thyroid, 
testicular,2,5 ovarian and uterian function12 appear to play a significant 
role. Studies on sperm parameters are lacking. 

DEHP reduced the serum insulin, testosterone and increased blood 
glucose, T3 and T4 in rats. Rajesh et al.11 studied that DEHP impairs 
insulin receptor and glucose transporter 4 gene expression in L6 
myotubes. Apart from this, studies on female animals are also lacking. 
Literature proved that endocrine disruptor reduces serum testosterone 
and estradiol. DEHP/PCBs effects on expression of genes involved in 
steroidogenic machinery, translation, transcription regulation on male 
gametes have been studied.

Seegal et al.13 studied that PCBs suppresses dopamine 
concentrations in the rat brain, non-human primates, selected brain 
regions14,15 and hypothalamus.16 Lactational exposure to DEHP induces 
oxidative stress and causes neurodegeneration in hippocampus of 
offspring female albino rats.17 Bavithra et al.14,15 demonstrated the role 
of melatonin on PCB induced neurotoxicity on selected brain regions 
of albino rats. PCB elicits a spectrum of biochemical and neurotoxic 
responses in human and laboratory animals. Glutamate and BDNF 
play critical roles in the physiology of the central nervous system as 
it can control many functions such as memory, learning, cognitive, 
emotional, endocrine and other visceral functions.

The excess activation of glutamate induces excitotoxicity. 
Glutamate excitotoxicity induces various neurodegernative diseases 
such as cerebral ischemia, epilepsy, Alzheimer’s, Parkinson’s diseases 
and multiple Sclerosis. PCB impairs learning and motor co-ordination 
which may be related to cerebral dysfunction. PCBs exposure decreases 
spontaneous motor activity. PCB induces oxidative stress which may 
cause excess glutamatergic neurotransmission and may eventually 
lead to neurodegenerative diseases by disrupting the neurotropins 
(BDNF signaling) and activating the apoptotic signaling. In our 
laboratory Bavithra et al.18 studied that PCBs impaired glutamate/
BDNF signaling, neuronal apoptosis and neurodegeneration on the 
cerebral cortex of adult rats. Selvakumar et al.19 proved that PCBs 
impair blood-brain barrier integrity via disruption of tight junctional 
proteins in cerebellum, cerebrum and hippocampus of female rats.

PCBs also decreased dopaminergic receptors and caused 
neurodegeneration in cerebellum via Production of ROS14 and cerebral 
cortex.20 PCBs induced oxidative stress mediated neurodegenaration 
in hippocampus has also been studied in our laboratory.19 Protective 
role of melatonin on PCBs induced oxidative stress in rat cerebellum, 
cerebral cortex and hippocampus were also studied.21

There is a molecular link between endocrine disruptors and 
infertility. In female population, endocrine disruptors have been 
associated with increased abnormalities in menstrual cycles, 
endometriosis, hormonal changes, altered onset of puberty, premature 
menopause, reduced fecundity, pre-term labor and low birth weight 
baby.22 Animal studies have provided support for many of these 
associations and have elucidated mechanisms of toxicity. However, 
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Introduction
Endocrine disrupting chemicals comprise natural substances 

like phytoestrogens, pesticides and fungicides, substances used in 
production of plastics or as plasticizers (bisphenol and phthalates), 
industrial chemicals (polychlorinated biphenyls) and metals. These 
chemicals are available in the environment and affect internal 
hormonal milieu. The potential adverse effects of occupational and 
environmental exposures to endocrine disrupting chemicals are 
increasing concern in recent years. It affects mammalian fetus in which 
the intrauterine environment may alter endocrine and homeostatic 
processes, Thus, the environment needs to be redefined to include not 
only environmental factors or ask the people to take so much of plant 
derived anti-oxidants.
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further well designed research studies on human population are 
necessary to clarify these associations. The study on various 
endocrine disruptors and the impact of biomonitoring in public health 
are necessary. The understanding of their toxicokinetics in different 
populations and with different doses with emphasize on fetal and neo 
natal exposure is needed urgently.

Therefore, it is tempting to think that a programme to protect 
health from endocrine disruptors. They disrupt neurotransmitter 
system, thyroid function, glucose, calcium, and sodium and potassium 
homeostasis. They have effects on both male and female system as 
well decreasing the motor and cognitive functions. To eradicate this, 
the studies on ameliorative role of quercetin, lycopene, vitamin C/E 
and the free radical induced damage to maintain pro- oxidant and 
anti- oxidant system on endocrine disruptors induced situations are 
necessary. Our pilot studies on the ameliorative role of quercetin, 
lycopene, vitamin C/E also are available in the literature.816,19,23–28 
Therefore, studies on the female reproductive health and endocrine 
disruptors are necessary to improve Chemicals Regulations Policy in 
global population.

Acknowledgments
My introduction in the field of endocrine disruption occurred 

while I was the faculty of Department of Endocrinology, Dr ALM PG 
IBMS, University of Madras. 

Conflicts of interest
The authors declare that they have no conflict of interest.

References
1. Zala SM, Penn DJ. Abnormal behaviours induced by chemical pollution: 

a review of the evidence and new challenges. Animal Behaviour. 
2004;68(4):649–664.

2. Sekaran S, Jagadeesan A. In utero exposure to phthalate downregulates 
critical genes in Leydig cells of F1 male progeny. J Cell Biochem. 
2015;116(7):1466–1477.

3. Sathish Kumar T, Sugantha Priya E, Raja Singh P, et al. Lactational 
exposure of polychlorinated biphenyls downregulates critical genes in 
Leydig cells of F1 male progeny (pnd21). Andrologia. 2017;49(8).

4. Thangavelu SK, Elaiyapillai SP, Ramachandran I, et al. Lactational 
exposure of polychlorinated biphenyls impairs Leydig cellular 
steroidogenesis in F 1 progeny rats. Reproductive Toxicology. 
2017;75:73–85.

5. Sekaran S, Balaganapathy P, Parsanathan R, et al. Lactational exposure 
of phthalate causes long-term disruption in testicular architecture by 
altering tight junctional and apoptotic protein expression in Sertoli 
cells of first filial generation pubertal Wistar rats. Hum Exp Toxicol. 
2015;34(6):575–590.

6. Priya ES, Kumar TS, Balaji S, et al. Lactational exposure effect of 
polychlorinated biphenyl on rat Sertoli cell markers and functional 
regulators in prepuberal and puberal F1 offspring. J Endocrinol Invest. 
2017;40(1):91–100.

7. Priya ES, Kumar TS, Singh PR, et al. Impact of Lactational Exposure 
to Polychlorinated Biphenyl Causes Epigenetic Modification and 
Impairs Sertoli Cells Functional Regulators in F1 Progeny. Reprod Sci. 
2018;25(6):818–829.

8. Murugesan P, Senthilkumar J, Balasubramanian K, et al. Impact of 
polychlorinated biphenyl Aroclor 1254 on testicular antioxidant system 
in adult rats. Hum Exp Toxicol. 2005;24(2):61–66.

9. Krishnamoorthy G, Murugesan P, Muthuvel R, et al. Effect of Aroclor 
1254 on Sertoli cellular antioxidant system, androgen binding protein 
and lactate in adult rat in vitro. Toxicology. 2005;212(2–3):195–205.

10. Senthilkumar J, Banudevi S, Sharmila M, et al. Effects of Vitamin C and 
E on PCB (Aroclor 1254) induced oxidative stress, androgen binding 
protein and lactate in rat Sertoli cells. Reprod Toxicol. 2004;19(2):201–
208.

11. Rajesh P, Balasubramanian K. Di (2-ethylhexyl) phthalate exposure 
impairs insulin receptor and glucose transporter 4 gene expression in L6 
myotubes. Hum Exp Toxicol. 2014;33(7):685–700.

12. Somasundaram DB, Selvanesan BC, Ramachandran I, et al. Lactational 
Exposure to Di (2-ethylhexyl) Phthalate Impairs the Ovarian and Uterine 
Function of Adult Offspring Rat. Reprod Sci. 2016;23(4):549–559.

13. Seegal RF, Bush B, Brosch KO. Sub-chronic exposure of the adult rat to 
Aroclor 1254 yields regionally-specific changes in central dopaminergic 
function. Neurotoxicology. 1991;12(1):55–65.

14. Bavithra S, Selvakumar K, Kumari RP, et al. Polychlorinated biphenyl 
(PCBs)-induced oxidative stress plays a critical role on cerebellar 
dopaminergic receptor expression: ameliorative role of quercetin. 
Neurotox Res. 2012;21(2):149–159.

15. Bavithra S, Selvakumar K, Krishnamoorthy G, et al. Melatonin attenuates 
polychlorinated biphenyls induced apoptosis in the neuronal cells of 
cerebral cortex and cerebellum of adult male rats—in vivo. Environ 
Toxicol Pharmacol. 2013;36(1):152–163.

16. Muthuvel R, Venkataraman P, Krishnamoorthy G, et al. Antioxidant 
effect of ascorbic acid on PCB (Aroclor 1254) induced oxidative stress 
in hypothalamus of albino rats. Clin Chim Acta. 2006;365(1–2):297–303.

17. Solaimuthu B, Bhat FA, Sekaran S, et al. Lactational exposure to di-
2-ethyl hexyl phthalate (DEHP) induces oxidative stress and causes 
neurodegeneration in hippocampus of offspring female albino rats. Int J 
Pharm Drug Anal. 2014;2(6).

18. Bavithra S, Priya ES, Selvakumar K, et al. Effect of melatonin on 
glutamate: BDNF signaling in the cerebral cortex of polychlorinated 
biphenyls (PCBs)—exposed adult male rats. Neurochem Res. 
2015;40(9):1858–1869.

19. Selvakumar K, Bavithra S, Ganesh L, et al. Polychlorinated biphenyls 
induced oxidative stress mediated neurodegeneration in hippocampus 
and behavioral changes of adult rats: anxiolytic-like effects of quercetin. 
Toxicol Lett. 2013;222(1):45–54.

20. Kumari RP, Selvakumar K, Bavithra S, et al. Role of quercetin on 
PCBs (Aroclor-1254) induced impairment of dopaminergic receptor 
mRNA expression in cerebral cortex of adult male rats. Neurochem Res. 
2011;36(8):1344–1352.

21. Venkataraman P, Krishnamoorthy G, Vengatesh G, et al. Protective 
role of melatonin on PCB (Aroclor 1254) induced oxidative stress and 
changes in acetylcholine esterase and membrane bound ATPases in 
cerebellum, cerebral cortex and hippocampus of adult rat brain. Int J Dev 
Neurosci. 2008;26(6):585–591.

22. Janssen S, Fujimoto VY, Giudice LC. Endocrine disruption and 
reproductive outcomes in women. Endocrine-Disrupting Chemicals. 
Humana Press; 2007:203–223. 

23. Krishnamoorthy G, Venkataraman P, Arunkumar A, et al. Ameliorative 
effect of vitamins (α-tocopherol and ascorbic acid) on PCB (Aroclor 
1254) induced oxidative stress in rat epididymal sperm. Reprod Toxicol. 
2007;23(2):239–245.

24. Krishnamoorthy G, Selvakumar K, Venkataraman P, et al. Lycopene 
supplementation prevents reactive oxygen species mediated apoptosis in 
Sertoli cells of adult albino rats exposed to polychlorinated biphenyls. 
Interdiscip Toxicol. 2013;6(2):83–92.

https://doi.org/10.15406/ogij.2018.09.00398
https://www.sciencedirect.com/science/article/pii/S0003347204001782
https://www.sciencedirect.com/science/article/pii/S0003347204001782
https://www.sciencedirect.com/science/article/pii/S0003347204001782
https://www.ncbi.nlm.nih.gov/pubmed/25649163
https://www.ncbi.nlm.nih.gov/pubmed/25649163
https://www.ncbi.nlm.nih.gov/pubmed/25649163
https://www.ncbi.nlm.nih.gov/pubmed/27785823
https://www.ncbi.nlm.nih.gov/pubmed/27785823
https://www.ncbi.nlm.nih.gov/pubmed/27785823
https://www.sciencedirect.com/science/article/pii/S0890623817305592
https://www.sciencedirect.com/science/article/pii/S0890623817305592
https://www.sciencedirect.com/science/article/pii/S0890623817305592
https://www.sciencedirect.com/science/article/pii/S0890623817305592
https://www.ncbi.nlm.nih.gov/pubmed/25352649
https://www.ncbi.nlm.nih.gov/pubmed/25352649
https://www.ncbi.nlm.nih.gov/pubmed/25352649
https://www.ncbi.nlm.nih.gov/pubmed/25352649
https://www.ncbi.nlm.nih.gov/pubmed/25352649
https://www.ncbi.nlm.nih.gov/pubmed/27614457
https://www.ncbi.nlm.nih.gov/pubmed/27614457
https://www.ncbi.nlm.nih.gov/pubmed/27614457
https://www.ncbi.nlm.nih.gov/pubmed/27614457
https://www.ncbi.nlm.nih.gov/pubmed/28359186
https://www.ncbi.nlm.nih.gov/pubmed/28359186
https://www.ncbi.nlm.nih.gov/pubmed/28359186
https://www.ncbi.nlm.nih.gov/pubmed/28359186
https://www.ncbi.nlm.nih.gov/pubmed/15850280
https://www.ncbi.nlm.nih.gov/pubmed/15850280
https://www.ncbi.nlm.nih.gov/pubmed/15850280
https://www.ncbi.nlm.nih.gov/pubmed/15955608
https://www.ncbi.nlm.nih.gov/pubmed/15955608
https://www.ncbi.nlm.nih.gov/pubmed/15955608
https://www.ncbi.nlm.nih.gov/pubmed/15501385
https://www.ncbi.nlm.nih.gov/pubmed/15501385
https://www.ncbi.nlm.nih.gov/pubmed/15501385
https://www.ncbi.nlm.nih.gov/pubmed/15501385
https://www.ncbi.nlm.nih.gov/pubmed/24130215
https://www.ncbi.nlm.nih.gov/pubmed/24130215
https://www.ncbi.nlm.nih.gov/pubmed/24130215
https://www.ncbi.nlm.nih.gov/pubmed/26482208
https://www.ncbi.nlm.nih.gov/pubmed/26482208
https://www.ncbi.nlm.nih.gov/pubmed/26482208
https://www.ncbi.nlm.nih.gov/pubmed/2014069
https://www.ncbi.nlm.nih.gov/pubmed/2014069
https://www.ncbi.nlm.nih.gov/pubmed/2014069
https://www.ncbi.nlm.nih.gov/pubmed/21748531
https://www.ncbi.nlm.nih.gov/pubmed/21748531
https://www.ncbi.nlm.nih.gov/pubmed/21748531
https://www.ncbi.nlm.nih.gov/pubmed/21748531
https://www.ncbi.nlm.nih.gov/pubmed/23619521
https://www.ncbi.nlm.nih.gov/pubmed/23619521
https://www.ncbi.nlm.nih.gov/pubmed/23619521
https://www.ncbi.nlm.nih.gov/pubmed/23619521
https://www.ncbi.nlm.nih.gov/pubmed/16248992
https://www.ncbi.nlm.nih.gov/pubmed/16248992
https://www.ncbi.nlm.nih.gov/pubmed/16248992
http://www.ijpda.com/view_issue.php?id=OTM=
http://www.ijpda.com/view_issue.php?id=OTM=
http://www.ijpda.com/view_issue.php?id=OTM=
http://www.ijpda.com/view_issue.php?id=OTM=
https://www.ncbi.nlm.nih.gov/pubmed/26224288
https://www.ncbi.nlm.nih.gov/pubmed/26224288
https://www.ncbi.nlm.nih.gov/pubmed/26224288
https://www.ncbi.nlm.nih.gov/pubmed/26224288
https://www.ncbi.nlm.nih.gov/pubmed/23831945
https://www.ncbi.nlm.nih.gov/pubmed/23831945
https://www.ncbi.nlm.nih.gov/pubmed/23831945
https://www.ncbi.nlm.nih.gov/pubmed/23831945
https://www.ncbi.nlm.nih.gov/pubmed/21472459
https://www.ncbi.nlm.nih.gov/pubmed/21472459
https://www.ncbi.nlm.nih.gov/pubmed/21472459
https://www.ncbi.nlm.nih.gov/pubmed/21472459
https://www.ncbi.nlm.nih.gov/pubmed/18555635
https://www.ncbi.nlm.nih.gov/pubmed/18555635
https://www.ncbi.nlm.nih.gov/pubmed/18555635
https://www.ncbi.nlm.nih.gov/pubmed/18555635
https://www.ncbi.nlm.nih.gov/pubmed/18555635
https://www.ncbi.nlm.nih.gov/pubmed/17267175
https://www.ncbi.nlm.nih.gov/pubmed/17267175
https://www.ncbi.nlm.nih.gov/pubmed/17267175
https://www.ncbi.nlm.nih.gov/pubmed/17267175
https://www.ncbi.nlm.nih.gov/pubmed/24179434
https://www.ncbi.nlm.nih.gov/pubmed/24179434
https://www.ncbi.nlm.nih.gov/pubmed/24179434
https://www.ncbi.nlm.nih.gov/pubmed/24179434


Endocrine disrupting chemicals on female reproduction 512
Copyright:

©2018 Arunakaran

Citation: Arunakaran J. Endocrine disrupting chemicals on female reproduction. Obstet Gynecol Int J. 2018;9(6):510‒512. DOI: 10.15406/ogij.2018.09.00398

25. Elumalai P, Krishnamoorthy G, Selvakumar K, et al. Studies on the 
protective role of lycopene against polychlorinated biphenyls (Aroclor 
1254)-induced changes in StAR protein and cytochrome P450 scc 
enzyme expression on Leydig cells of adult rats. Reprod Toxicol. 
2009;27(1):41–45.

26. Selvakumar K, Bavithra S, Krishnamoorthy G, et al. Polychlorinated 
biphenyls-induced oxidative stress on rat hippocampus: a neuroprotective 
role of quercetin. Scientific World Journal. 2012;2012:980314.

27. Elayapillai SP, Teekaraman D, Paulraj RS, et al. Ameliorative effect 
of α-tocopherol on polychlorinated biphenyl (PCBs) induced testicular 
Sertoli cell dysfunction in F1 prepuberal rats. Exp Toxicol Pathol. 
2017;69(8):681–694.

28. Rajesh P, Balasubramanian K. Gestational exposure to di (2-ethylhexyl) 
phthalate (DEHP) impairs pancreatic β-cell function in F 1 rat offspring. 
Toxicol Lett. 2015;232(1):46–57.

https://doi.org/10.15406/ogij.2018.09.00398
https://www.ncbi.nlm.nih.gov/pubmed/19071209
https://www.ncbi.nlm.nih.gov/pubmed/19071209
https://www.ncbi.nlm.nih.gov/pubmed/19071209
https://www.ncbi.nlm.nih.gov/pubmed/19071209
https://www.ncbi.nlm.nih.gov/pubmed/19071209
file:///D:\Journal%20Data\Gynaecology\1.%20Article%20Details_Gynecology\2018\1.%20January\3.%20OGIJ-18-SC-511\OGIJ-18-SC-511_W\v
file:///D:\Journal%20Data\Gynaecology\1.%20Article%20Details_Gynecology\2018\1.%20January\3.%20OGIJ-18-SC-511\OGIJ-18-SC-511_W\v
file:///D:\Journal%20Data\Gynaecology\1.%20Article%20Details_Gynecology\2018\1.%20January\3.%20OGIJ-18-SC-511\OGIJ-18-SC-511_W\v
https://www.ncbi.nlm.nih.gov/pubmed/28739394
https://www.ncbi.nlm.nih.gov/pubmed/28739394
https://www.ncbi.nlm.nih.gov/pubmed/28739394
https://www.ncbi.nlm.nih.gov/pubmed/28739394
https://www.ncbi.nlm.nih.gov/pubmed/25280772
https://www.ncbi.nlm.nih.gov/pubmed/25280772
https://www.ncbi.nlm.nih.gov/pubmed/25280772

	Title
	Introduction
	Acknowledgments
	Conflicts of interest 
	References

