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ARTICLE INFO ABSTRACT

Article History: Just look around and you will find so many plastic items around you. Plastic has become a
Received 6™ November, 2018 very important fixture in our everyday lives. Their beneficial impact on society is
Received in revised form 157 undeniable and can be best demonstrated by their medical uses and applications in public
December, 2018 health. So slowly we are entering the "Age of Plastics." Everybody is being exposed to
Accepted 12" January, 2019 plastics to varying extents and are responsible for potentially dangerous human exposure to
Published online 28" February, 2019 toxic chemicals released by them such as bisphenol A (BPA) and phthalates (DEHP) which

are now finding their way into our body and the environment. We knew that this plastic is
coming back to us through our food chain. So we are not only using, but we are eating,

Key words: drinking and even breathing the plastics. The adverse effects of BPA on human health are
Plastics, Bisphenol A, Adverse Effects, Human widely disputed and has been recently associated with a wide variety of medical disorders.
Health. So here we will try to find

e Whether the rising prevalence of diabetes, thyroid disorders, infertility,
cardiovascular diseases (CVD), obesity, breast carcinoma etc. are related to the
plastics ?

e Do we have a possible way out?

Copyright©2019 Sonia Garg et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION be more sensitive to its adverse  effects including the effect

on thyroid function. The higher urinary BPA concentrations
Every year approximately 100 million tons of plastics are were found to be associated with obesity, diabetes,
produced and today, more than 20 different types of plastics hypertension,[ Shankar and Teppala,2012; Ranciére et
are in use worldwide [APME,2006]. BPA is one of the highest al.2015] and coronary artery disease[Melzer et al.,2010] in
production and consumption volume chemicals in the world adults[Shankar and Teppala,2012] and obesity, in children and
[Sriphrapradang et al.,2013]. In medicine alone, the diversity adolescents.[ Ejaredar ef al.,2017 ] increased BPA exposure
of plastics’ uses is incredible. Prosthetics, engineered tissues, during pregnancy was linked to anxiety,depression,
and microneedle patches for Qrug delivery are all possible with aggression, and hyperactivity in children[Trasande et al.,2012]
polymers [Vert,2011;Prausnitz,2004]. In many sectors of ;i tism spectrum disorder or attention deficit disorder in
society, plastics have replaced glass, wood, fibers, and m et @l pymans[ Stein er al.2015]and also linked to fertility
in various products, including dishware, clothing, food  ,roblems, breast cancer, and prostate cancer.[ Diamanti et al.,
packaging [Andrady and Neal,2009]. Disposable products such 2009] Thus, exposure to BPA seems to be an important risk

as canned food, polycarbonate-bottled liquids have been a  gct0r with catastrophic biological consequences.
major application for plastics within the last century because . . .
plastics are inexpensive, easy to produce, lightweight and  Influence of Bisphenol A on Type 2 Diabetes Mellitus

biocompatible [Holmgren,1974]. Associations were found  BpA has recently come under intense scrutiny as a potential
between exposure to these compounds and destructive effects  endocrine disrupting compound with diabetogenic effects.
on health and reproduction. Studies from different countries Using NHANES data, Lang ef al.,2008 analyzed the
and areas have demonstrated the presence of urinary BPA in  rejationship between urinary BPA and diabetes and found
more than 90% of their study ) populations, suggesting a  higher levels of BPA in urine with a self-reported diagnosis of
common exposure to BPA worldwide [Wang ef al.,2013;Wang  gjabetes showing a significant positive association. Melzer et

et al.,2014;Calafat, 2008]. Exposure to BPA is prevalent ;7 2010 subsequently analyzed data from the NHANES and
among children and adolescents [Wang ez a/.,2014], who may also found a significant association between the two.

*Corresponding author: Sonia Garg Shankar and Teppala, 2011 collected samples from adult
Physiology, GGS Medical College, Faridkot, India NHANES participants between 2003-2008. which were then
diagnosed according to the American Diabetes Association
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standards of fasting blood glucose and hemoglobin Alc levels.
This study also found a positive correlation between the
diagnosis of diabetes and increased urinary BPA levels
.Similar findings were found by Silver et al.,2011 who also
analyzed pooled data from the 2003-04, 2005-06, 2007—08
NHANES reporting periods. In this study, diabetes was
diagnosed when hemoglobin Alc levels > 6.5%. Wang et
al.,2012 also found associations between urinary BPA and
obesity and insulin resistance in a group of adults aged 40
years and above in China. BPA, mostly at low doses, may have
a role in increasing type 2 diabetes mellitus developmental
risk, directly acting on pancreatic cells, in which BPA induces
the impairment of insulin and glucagon secretion, triggers
inhibition of cell growth and apoptosis, and acts on muscle,
hepatic, and adipose cell function, triggering an insulin-
resistant state. Bisphenol-A (BPA) is a widespread endocrine
disruptor that produces insulin resistance by alterations in
pancreatic beta-cell function. A recent work shows the
association between increasing urinary BPA levels and
diabetes mellitus. A 12.8% of diabetic patients show high BPA
levels in urine samples (4.20 ng/ml or 18 nM)[ Nadal et
al.,2009].

Association Between Urine Bpa Levels and Obesity

The emerging worldwide obesity epidemic has been linked to
increased exposures to environmental endocrine disruptors,
collectively called “environmental obesogens” [Newbold et
al.,2008;Wang and Lobstein,2006;Newbold et
al.,2007;Heindel, 2003;Heindel and vom Saal,2009]. One such
important potential obesogen is bisphenol-A (BPA). Humans
are widely exposed to BPA and animal studies have linked
BPA to obesity [Rubin, 2011;Rubin and Soto, 2009;Rubin et
al2001;Somm et al,2009;Newbold,2010; Golub et
al.,2010].Exposure to BPA has been shown to suppress the
release of adiponectin [Hugo et «l.,2008; Ben-Jonathan et
al.,2009;Kidani et al.,2012], an adipocyte-specific hormone
that increases insulin sensitivity. Thus BPA exposure could
lead to increased insulin resistance and increased susceptibility
to obesity and metabolic syndromes. BPA was shown to be a
more effective adiponectin suppressor than estradiol, at a low
environmental exposure level (0.1 nM) [ Hugo et a/.,2008].
Many studies have reported an association between urine BPA
level and obesity in adult populations (>18 years of age) [
Carwile and Michels, 2011; Wang et al.,2012]and also among
children and adolescents [ Trasande ef «l.,2012] using U.S.
NHANES data. Recent evidence mostly from animal studies
has suggested that BPA exposure may be related to increased
insulin resistance [Alonso et al.,2006] and therefore may have
a role in weight gain and the development of obesity [Rubin et
al.2001;Somm et al.,2009]. Also, BPA exposure has been
shown to be associated with high lipid levels [Wada et
al.,2007] and increased levels of serum markers of oxidative
stress [Bindhumol ez a/.,2003] and inflammation [Ben-
Jonathan et a/.,2009] all of which are mechanisms that have
been implicated in the development of obesity. Hence
justifying the role of environmental exposure to BPA in the
development of obesity. Elevated levels of urinary BPA are
associated with measures of obesity independent of traditional
risk factors. This association is consistently present across
gender and race-ethnic groups.

Exposure to Bpa and Thyroid Disorders

There have been studies showing that BPA acts as a thyroid
receptor antagonist [Zoeller et al., 2005] and can increase
serum free T4 [Zoeller et al.,2013]. It is well established that
estrogen enhances autoimmunity; BPA, by acting as a
xenoestrogen, can influence autoimmunity similarly to
estrogen [Yoshino et al.,2004]. BPA can affect autoimmunity
both directly and indirectly [Kharrazian, 2014].

BPA was independently associated with markedly raised TPO
antibodies, leading to

Hypothyroidism [Diamanti et «l.,2009]in both men and
women. The finding may suggest a role of BPA exposure in
autoimmune thyroid disease such as Hashimoto’s thyroiditis.
The three most important antigens in autoimmune thyroid
disease are thyroglobulin, thyroid peroxidase and TSH
receptor [Chailurkit er al.,2016]. Recent epidemiological
studies have suggested that Bisphenol A (BPA) disrupts
thyroid function in adults [Meeker and Ferguson,2011; Meeker
et al.,2010]. BPA can disturb thyroid hormone action by
reducing T; binding to the nuclear TRs and recruited nuclear
receptor corepressors (N-CoRs) to the TR, resulting in
transcriptional inhibition [Moriyama et al.,2002].Another
study also found a possible association of urinary BPA with
thyroid health indicators such as in patients of hypothyroidism,
low fT4 or high TSH levels along with increase BPA levels
were seen [Andrianou et al.,2016].

Bpa Exposure and Breast Carcinoma

Breast cancer is a world-wide leading cancer of women. In
addition, there are large geographical differences in incidence
rates of breast cancer [Parkin et al.,2005; Stewart,2003].
Along with other endocrine disrupting chemicals (EDCs),
bisphenol A (BPA) has been suspected as a potential risk
factor for breast cancer.

BPA exposure may disrupt normal breast development and has
been linked to early puberty in girls that predispose women for
later life breast cancer [Yang et al.,2009]. BPA acts as a
mammary gland carcinogen. It induces various neoplastic
lesions and leads to the development of malignant tumors in
mammary glands[Wang et al.,2017]. BPA, having estrogenic
activity, interact with estrogen receptors o and P, leading to
changes in cell proliferation, apoptosis, or migration and
thereby, contributing to cancer development and progression.
At the genetic level, BPA has been shown to be involved in
multiple pathways, such as the STAT3, MAPK, and
PI3K/AKT pathways [Gao et al.,2015]. Hence accounts for its
role in accelerating carcinogenesis of breast cancer. The most
recent study also showed the effect of low-dose BPA on the
early differentiation of human embryonic stem cells into
mammary epithelial cells [Yang et al.,2013].

Exposure to Bpa Leading to Infertility

Impact of BPA exposure has increased the percentage of
infertile women upto 30% worldwide [Inhorn and Patrizio,
2013]. BPA can widely impact the female fertility through
multiple pathways. BPA mimics the reproductive hormone
'estrogen’, hence interfering with endocrine function of
hypothalamic-pituitary- ovarian axis, such as by changing
gonadotropin-releasing hormones (GnRH) secretion in
hypothalamus and promoting pituitary proliferation. Such
actions affect puberty, ovulation and may even result in
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infertility[Huo et al.,2015]. Specifically, BPA may alter
overall female reproductive capacity by affecting the
morphology and function of the oviduct, uterus, ovary in
different times of life cycle[ Ziv-Gal and Flaws,2016]. Also,
BPA may disrupt estrous cycle and process of implantation
and plays a major role in impaired women health including
endometrial hyperplasia, recurrent miscarriages, sterility, and
polycystic ovarian syndrome [Warner et al., 2002; Rayner et
al., 2004; Eskenazi et al., 2007].

Experimental evidences demonstrate that BPA affects
reproduction-related gene expression closely related with
infertility. The effects on reproduction may last lifelong and
pass to other generations too [ Ziv-Gal and Flaws,2016].
Evidences from previous publications suggest that BPA is a
reproductive toxicant [Peretz et al., 2014; Vandenberg et
al.,2013;Maffini et al.,2006]. With the potential to affect the
fertility in men and women, health care providers should
counsel patients to reduce exposure to BPA for those seeking
infertility treatment [Cantonwine et al., 2013].

Impact of Bisphenol A on Cardiovascular System

Cardiovascular(CV) disease is a significant health problem
worldwide and one of the major contributors to mortality and
morbidity. Several epidemiological studies indicate that BPA
exposure in adult populations is associated with increased risk
for CV diseases, including coronary artery heart disease,
angina, heart attack, hypertension, and peripheral artery
disease [Gao and Wang,2014].

Lang et al.,2008 first reported an association between higher
urinary BPA level and cardiovascular diseases based on the
2003-2004 NHANES data. It was found that mean urinary
BPA levels adjusted for age and sex were higher in persons
who were diagnosed with CVD and have statistically
significant association. In 2012, Melzer et al. analyzed a
longitudinal study and assessed the effects of BPAs on the
development of coronary artery disease. He also demonstrated
the higher urinary BPA concentrations in patients of coronary
artery disease and hypertension The positive association was
also found between urinary BPA levels and heart rate
variability (HRV) in elderly populations of Korea [Bae et
al.,2012] and results are consistent with the study by Shankar
and Teppala, 2012], who also reported a positive association
between higher urinary BPA concentrations and HRV as well
as high blood pressure.

Experimental studies suggest that low dose BPA exposure
could affect the physiological functioning of CVS and leads to
abnormalities such as arrhythmias, atherosclerosis, and altered
blood pressure. The underlying molecular mechanisms may
involve alteration of cardiac Ca®’ handling by affecting the
phosphorylation of proteins and also change in transcription
[Melzer et al.,2012]. Recent findings also found another
molecular mechanism linking BPA exposure to increased risk
of CVD in exposed individuals. BPA by acting as agonist of
human pregnane X receptor, activates it which shows pro-
atherogenic effects upon activation [Sui et a/.,2018]. Hence
justifying that environmental exposure to BPA is a
contributing risk factor for CVD and hypertension [Han et
al.,2016].

THE ROAD AHEAD: What Can Be Done Now to Restrict
Plastic Usage to Sustainable Levels?

It is better late than never. Here are a few general rules of
thumb.The best way to avoid BPA is to minimize plastic use.
Using glass or stainless steel cookwares are convenient and
safe alternatives. Avoid the plastics marked with recycle codes
3 or 7 as they are more likely to contain BPA[Srivastava and
Godara ,2013]. Also, avoid placing plastic containers into a
microwave or storing in areas of extreme heat (e.g. inside a
car), as this can increase the amount of BPA that leaches into
food stored in the container. Since plastic is found widely in
processed food packaging including canned foods and
beverages, which typically have a plastic lining, modifying
your diet to include primarily fresh, whole foods will have the
added benefit of helping you cut down on exposure to plastic
chemicals. You can’t really shop your way out of the problem,
and it’s unfair to put all that responsibility on consumers. The
change needs to happen at the policy level.

Answerable Organizations and Rules for Reducing Plastic
Toxicity

Toxicity of plastic is a global concern. The government, law
implementing agencies and health authorities of the country
should take more steps and pay attention to sustainable
production, use, and disposal of plastics. Hospitals may also
help prevent exposures among vulnerable populations such as
in neonatal intensive care units (NICU) by limiting the usage
of BPA containing devices and supplies. Every company must
take their responsibility in terms of the reduction of
unnecessary plastic consumption. It should be mandatory for
the manufacturers to label plastic codes in the triangle
recycling labels or imprints on plastic containers. A full
information about all existing chemicals in consumer products
must be required so that people becomes aware to use of those
products. The public should be made aware of hazards of BPA
exposure to mankind.

CONCLUSIONS

Time to pull our heads from the sand. However, while
humanity has realized its benefits, it has yet to realize the cost!
Greener solutions, however, are becoming available. “BPA
free” consumer goods are becoming more commonly available
and replacing foods that come in plastic packages and cans
with fresh alternatives may reduce exposure by more than
50%. So it can be concluded that application of proper rules
and regulations for the production and use of plastics can
reduce toxic effects of plastics on human health and
environment.
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