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INTRODUCTION 

With about 2 million tons used worldwide each year, 

BPA is one of the highest volume synthetic chemicals in 

the world. Traces of it leach from containers of 

polycarbonate which is hard, clear plastic and the epoxy 

linings of canned foods and beverages. For the 1455 US 

adults tested, the more BPA in their urine the higher their 

rates of heart disease and diabetes according to JAMA 

report.
1
 Researchers found link between abnormal liver 

enzymes in the people and BPA, suggesting that the 

chemical alters liver function. Changes in insulin 

resistance, reproductive system and brain function are 

reported. As the plastic and plastic products are being 

extensively used in day to day at the cost of environment 

pollution, the human and wild life health it has become a 

global concerns. 

Bisphenol A (BPA) is 2, 2-bis (4-hydroxyphenyl) 

propane and is synthesized from acetone and phenol and 

is used in the production of epoxy resins, polycarbonate 

resins, and polyester resins. About 65% of the BPA 
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produced is used to make polycarbonate and 

approximately 25% is used in epoxy resin production. 

The remaining 10% is used in other products such as 

tetrabromobisphenol.
2
 Bisphenol A exists at room 

temperature as a white solid and has a mild “phenolic” or 

typical hospital odor. Polycarbonates are used for a 

variety of plastic products for consumer use. BPA is used 

in the manufacture of a great variety of products 

including compact discs, food cans lining, baby feeding 

bottles, thermal fax paper, car dash boards, safety 

helmets, bullet resistant laminates, adhesives, plastic 

windows, protective coating powder paints, 

polycarbonates bottles and the sheathing of electrical and 

electronic parts. BPA is also used in PVC production and 

processing where it may be used as a reactive inhibitor 

and as an anti-oxidant.
3
 BPA can leach out of certain 

plastic products including wide variety of modern goods, 

reusable food storage containers like water, milk and fruit 

juice; eyeglass lenses, white dental fillings, sealants, and 

medical equipments. Plastic bottles meant for storage of 

mineral water may also be a potential source of BPA.
4
 At 

high concentrations BPA was found to be estrogenic in 

MCF7 human breast cancer cells (E-screen assay), with 

the potency of the proliferative effect to be about 10-4 to 

10-6 times that of 17β-estradiol.
5,6

 Estrogenic effects 

have also been characterized in rodents. BPA does not 

appear to bind to the oestrogen receptor but it does have a 

small oestrogen-type effect on cell proliferation in –vitro 

studies.
7
 Recent studies report uterine and testicular 

effects among rats and mice exposed to BPA and prostate 

effect among mice having fetal exposure to BPA.
6,8-12

 In 

contrast, other recent experiments indicate few or no 

effects on reproductive function among rats administered 

BPA in the diet, although the BPA was relatively low.
13,14

 

Traces amounts of BPA are known to be eluted from 

polycarbonate plastic wares and from resins used for food 

packaging.
15

 Recent studies have shown that BPA can 

leach out of certain products including the plastic lining 

of cans of food and drink packages e.g. water bottles, 

infant drinking bottles, compact discs, tableware, impact -

resistant safety equipments, white dental filling and 

sealants and many medical devices. In the body, BPA 

behaves as an estrogen receptor agonist and mimics 

estrogen hormone. In high doses this chemical causes 

negative health effects. Recently, it is observed that 

consumption of BPA by human leads to occurrence of 

breast cancer, fertility problems, miscarriages, pre-

cancerous prostate lesions, insulin resistance and 

behavioral changes.
16,17

 

Children and particularly unborn and new born babies are 

at high risk of untoward effects of BPA. Children suffer 

from chronic exposure to bisphenol A and with 

manifestation of gastrointestinal diseases, adrenal stress, 

immune dysfunction, toxic overload and neurological 

disorders. Legal limits are not set for low minimum levels 

which do not affect human health. It is found that heating 

polycarbonate laboratory flaps at 121°C (250°F) for 25 

minutes released 2-5μg/kg of BPA into water filled 

flasks. Some study in Japan has suggested that more BPA 

can leach from polycarbonate that has been scratched or 

is more than 4years old. It is found that scratched bottles 

from Philippines leached approximately 30μg/kg of BPA 

and those from Korea leached over 15μg/kg which are 

more than 5times the amount leached by new bottle.
18

 

BPA is released from used bottles which have been 

subjected to bottle brushing or dish washing and 

sterilization. There are seven Plastic Codes given below 

which should be displayed on every plastic product by 

plastic manufacturers: 

1. PET or PETE - questionable- depending on quality, 

repeated use cause the leaching of DEHA, a known 

human carcinogen. Light gauge containers which are 

meant for one time use only may cause these problems 

whereas; heavier gauge containers show no evidence of 

leaching chemicals. 

2. HDPE- OK- not known to leach unwanted chemicals. 

3. PVC or V- bad - strong evidence to show the leaching 

of DEHA, a known human carcinogen. 

4. LDPE -OK- not known to leach unwanted chemicals 

although not as widely recycled as 1 or 2. 

5. PP-OK- not known to leach unwanted chemicals 

although not as widely recycled as 1 or 2. 

6. PS- Bad - suspected to possibly leach harmful 

carcinogens. 

7. Assorted but include polycarbonate, nylon and acrylic 

and typical product applications are babies bottles and 

some water bottles - Bad - may contain leaching BP. 

Pragmatically it is said that plastic codes  1, 2, 4 & 5 are 

generally considered “safer” plastics and 3, 6 and 7 “bad” 

plastics because bad plastics have the risk of BPA 

exposure. It should be mandatory for the manufacturers 

to label plastic codes in the triangle recycling labels or 

imprints on plastic containers. The level of BPA leaching 

from old polycarbonate table wares used by children 

increased to 1.8-7.9(μg/kg) as compared to 1-1.9 ppb 

(μg/kg) for new table ware. Bile and co-workers 

investigated leaching from five gallon water carboys.
19

 

The amount of BPA in water from five gallon carboys 

was found to range from ND (not detectable) to 5μg/l in 

water stored for 39 weeks.
20

 Other scientists have found 

BPA and other contaminants in mineral water and wine 

stored in plastic bottles.
15

 People exposed to higher levels 

of BPA due to use of plastic food and beverages 

containers are more likely to develop cardiovascular 

diseases and diabetes. 

HUMAN EXPOSURE FROM FOOD CANS 

Human exposure can arise from a number of sources. The 

primary source of exposure is through the diet, while air 

dust and water are other possible sources of exposure. 



Srivastava RK et al. Int J Basic Clin Pharmacol. 2013 Feb;2(1):12-17 

                                          International Journal of Basic & Clinical Pharmacology | January-February 2013 | Vol 2 | Issue 1    Page 14 

BPA in food and beverages accounts for majority of daily 

human exposure. Other exposure routes include BPA 

leading from baby’s feeding bottles, water bottle and 

bleaching from dental fillings and sealants. BPA related 

substances present in drinking water via the materials 

used in the water supply system. Polycarbonate and 

polysulphones are used to produce bottles for storage of 

mineral water and so bottled water is also a potential 

source of BPA. Wine stored in plastic bottles may also be 

contaminated to same extent. BPA detection was found in 

the liquid portion of several types of vegetables (peas, 

artichokes, green beans, mixed vegetables, corns and 

mushrooms) taken from cans with epoxy resin linings.
15

 

The association of plastics manufacturers in Europe 

(APME) has calculated that the maximum intake of BPA 

from food cans is approximately 0.8μg/kg/day.
16

 Industry 

workers have also evaluated BPA migration from food 

cans and found the range from non detectable in 

beverages (less than 5μg/kg to up 94μg/kg in canned food 

with an average of 37μg/kg.
17 

The levels of BPA leading 

into different types of canned food are in different 

amount. Koji Arizono and co-workers reported to have 

found 127 ppb (μg/kg) of BPA in canned coffee.
16

 Also 

in one of the ten cans of alcohol, they sampled, BPA was 

detected at 13μg/l.
21

 Low levels of BPA have also been 

found to cause biological effects, and its mode of action 

appears to mimic that of the female hormone, estrogen. 

There is growing international concern about manmade 

endocrine disrupting chemicals (EDCs), because they can 

de-rail the development of offspring exposed in the 

womb. It is feared that they may be partly responsible for 

the decline in sperm counts and the increased rates of 

hormone related cancers, such as cancers of the breast, 

testes and prostate. Children and in particularly unborn 

and new born babies are at high risk. BPA has been found 

in placental cord blood at the levels of 0.4-1.6ug/kg wet 

tissues, which means that the unborn child is being 

exposed to this substance.
22

 Accumulation of BPA in 

maternal blood serum may represent a risk to the fetus. 

One study, for example have shown that although most 

BPA may be initially cleared rapidly, some of the parent 

compounds may remain in the blood and with repeated 

exposure; circulating concentration of BPA increases. 

This study in mice also suggests substantial individual 

variations in the BPA levels with around 10% of the 

animals showing approximately 10 fold higher BPA 

levels than their treatment group averages.
23

 

It is found that heating polycarbonate laboratory flaps at 

121°C (250° F) for 25 minutes releases 2-5 μg/kg of BPA 

in to water filled flasks. Some studies in Japan have 

suggested that more BPA can leach from polycarbonate 

that has been scratched or is more than four years old. It 

is found that scratched bottles from the Philippines 

leached approximately 30μg/kg of BPA and those from 

Korea leached over 15μg/kg, more than 5 times the 

amount leached by new bottles.
14

 

BPA is released from used baby’s bottle which had been 

subjected to bottle brushing or dishwashing and 

sterilization. The amount leaching in to water (represent 

milk) and 3% acetic acid (represent fruit juice) at elevated 

and lower temperature could be detected. The milk 

diluent (water) in used bottles was found to contain 10-20 

μg/l of BPA and one value even reloaded a level of 

50μg/l. BPA was not detected in the liquid held in new 

polycarbonate bottles because levels were less than 

10μg/l which was the limit of detection.
24

 Knowing the 

fact that polycarbonate babies bottle causes harmful 

effects on health, so it is advisable to change the bottle at 

regular interval (perhaps 6 monthly) and also to change to 

a safer materials is preferable. BPA has also been found 

in tinned foods. It was found at levels in excess of 

1mg/kg of food in more than 10% of European samples.
25

 

Fat containing food appears to be particularly affected, 

including mackerel, pork meat, anchovies and sardines. 

Bisphenol A is one of a number of chemicals that can be 

blocking the actions of our natural hormones, particularly 

estrogen. Even at very low levels it has been linked 

reduced sperm production, increased prostate weight and 

endometriosis. It may also affect the onset of puberty in 

the offspring of some mammals. 

HUMAN EXPOSURE FROM DENTAL FILLINGS 

AND SEALANTS 

Human exposure to BPA and related estrogenic 

substances can also arise from certain composite dental 

fillings and sealants. Most composites and sealants used 

in dentistry are based on BPA diglycidyl ether 

Methacrylate (bis-GMA). The compounds leached 

included are bis-GMA, BADGE, BPA and bis-DMA 

which can be also a source of BPA.
7
 Although, bis-GMA 

was not estrogenic in test tube tests, it could be 

transformed in to active compounds in acid and alkaline 

media, as could BADGE.
7
 Mariotti et al

26,27
 have 

subsequently identified that bis-GMA is estrogenic in 

animals. It is considered that women may be placing their 

fetuses at the risk by having dental sealants applied 

during pregnancy.
28

 

The mechanisms by which bisphenol A is processed in 

the body have been very well characterized by a variety 

of studies on animals and in human volunteers.
26

 

Recently published studies in which human urine samples 

were analyzed and indicate that exposure to bisphenol A 

is extremely low, in the range of 20-30 

nanogram/kg/day.
29-31

 

HUMAN EXPOSURE TO BADGE FROM FOOD 

CANS 

The greatest proportion of BADGE appeared in the oil 

surrounding canned fish. On the basis of food 

consumption data, it was calculated that human intake of 

BADGE from canned food would not exceed 3μg/kg/day. 

The presence of chlorohydrins derivatives of BADGE 
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raises particular concern because they have a similar 

structure as other genotoxic substances.
32

 It should be 

noted that both BPA and BADGE can form adducts on 

DNA. Some studies suggest that BPA behaves as a strong 

estrogen via nuclear ERb and indicate that findings 

obtained with BPA in mouse b-cells may be extrapolated 

to humans.
33

 This supports that BPA should be 

considered as a risk factor for metabolic disorders in 

humans. 

BISPHENOL A AS AN ENDOCRINE DISRUPTOR 

Bisphenol-A (BPA) is a widespread endocrine disruptor 

that produces insulin resistance and alterations in 

pancreatic b-cell function.
34

 It has been suggested that 

together with other endocrine disrupting chemicals 

(EDCs), BPA constitutes a risk factor for type 2 diabetes 

and other metabolic disorders.
35-37 

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).
34

 

Moreover an association between urinary levels of BPA, 

obesity and insulin resistance in middle-aged and elderly 

Chinese adults has been recently described.
37

 The range 

of BPA levels found in humans is from 0.7 to 20 nM.
37,38

 

To support the evidence that BPA may be a risk for the 

development of diabetes it is critical to study its effect on 

human tissues involved in glucose and lipid metabolism, 

including the endocrine pancreas which is key in glucose 

homeostasis. The islet of Langerhans is the physiological 

unit of the endocrine pancreas; it is a group of 1500-3000 

cells of five different types and the most abundant are b-

cells.
39

 The main function of b-cells is the biosynthesis 

and release of insulin in response to neurotransmitters, 

hormones and nutrients, the most important being 

glucose. The secretory response of b-cells depends on 

their electrical activity. This consists of oscillations of the 

membrane potential that range from electrically silent 

periods to depolarized plateaus on which Ca
2+

 -action 

potential originate.
40

 Classically, stimulus-secretion 

coupling involves the closure of KATP channels after an 

increase in the ATP/ADP ratio because of the glucose 

metabolism.
41

 KATP channels are responsible for the 

resting membrane potential of b-cells and its closure 

elicits a depolarization that opens voltage dependent 

calcium channels and induces Ca
2+

 influx.
42

 As a 

consequence of the oscillatory membrane potential, a 

[Ca
2+

]i oscillatory pattern originates
43-46

, which triggers a 

pulsatile insulin secretion. In addition to the KATP 

dependent process of insulin secretion there is a KATP 

independent process which involves cAMP dependent 

phosphorylation. Beta cells express estrogen receptor a 

(ERa), estrogen receptor b (ERb) and the G-protein 

coupled receptor (GPR30), also named GPER1.
47

 The use 

of genetically modified mice has revealed the role of 

these estrogen receptors.
48

 ERa is involved in the 

regulation of pancreatic insulin biosynthesis in response 

to both E2 and BPA. Remarkably, nanomolar 

concentrations of either BPA or E2 act via extra nuclear 

ERa to activate ERK1/2 and regulate insulin content.
49

 

This action involves the activation of the transcription 

factor NeuroD1. In addition, activation of extranuclear 

ERb by physiological concentrations of E2 rapidly 

regulates KATP channel activity, increases glucose 

stimulated [Ca
2+

]i signals and insulin release. It is 

important to clarify that action of E2 on KATP channel 

activity was mimicked by specific agonist of ERb 2, 3-bis 

(4-hydroxyphenyl)-propionitrile (DPN) but not by the 

ERa specific agonist propylpyrazole-triol (PPT). 

Moreover KATP channel activity was not modified in 

ERa. These results indicated that ERb plays an important 

role in rapid regulation of insulin secretion in pancreatic 

b-cells. Bisphenol A imitated rapid estradiol regulation of 

KATP channel and calcium signaling
50, 

however, whether 

ERb acting out of the nucleus is able to mediate BPA 

actions is still unknown. 

The public should be made aware of hazards of BPA 

exposure to mankind by explaining them the observations 

of many researches. Health regulators should honestly 

show concern and uncertainties with regard to the amount 

of BPA exposure to the mankind. A pertinent area to 

explore the possibility of association of BPA with the 

incidences of diabetes type-2, breast cancer, prostate 

cancer, polycystic ovaries and thyroid dysfunctions 

should be well studied in rural and urban population of 

India. 
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