
Rajan et al                                           Journal of Drug Delivery & Therapeutics; 2014, 4(1), 92-96   92 

© 2011, JDDT. All Rights Reserved                                                  ISSN: 2250-1177                                                    CODEN (USA): JDDTAO 

Available online at http://jddtonline.info 

REVIEW ARTICLE 

HOW SAFE ARE OUR BABIES?  AN IN-SIGHT ON EFFECT OF BISPHENOL A (BPA) 

ON DEVELOPMENT 

Paul Vinu Salachan, Dadi Nitin Chandra Teja and Anand Prem Rajan* 

School of Bio Sciences & Technology, VIT University, Vellore, Tamil Nadu 

 

 

 

 

 

 

 

 

INTRODUCTION 

Anthropogenic compounds have displaced the natural 

compounds in our day to day life. The microorganisms 

have shown magnificent capacity to adapt to new and 
changing environment.1,2 Humans and higher organisms 

are still struggling to find solution to these toxic 

compounds.3 The natural compounds are not only 

environmental friendly but also provides long and 

healthy life.4,5 

The contemporaneous world man has moved from 

natural products to synthetic products which come with a 

prize to pay. WHO reported about the global trend, 

wherein babies are seldom breast fed by their lactating 

mothers. It is justified due to global shift from home 

makers to the working women. Social and work pressure 

on mothers makes it difficult for them to breast feed their 
newborns. The consequence of this results in bottle 

feeding. The question thus may arise “what’s wrong in 
bottle feeding?” other than depriving the child of 
essential antibodies present in colostrum.  

A Galaxy of compounds has been reported all over the 

world to be present in plastic bottles but the least studied 

compound is Bisphenol A. Our intensive literature search 

shows that there are very few published work available 

on effect of Bisphenol A on biotic system especially in 

developmental process. This paper is destined to reveal 

all the information on various facets of Bisphenol A and 
understand the metabolic mechanisms in the body during 

development.  

 

Chemical structure of Bisphenol A 

Bisphenol A which is commonly denoted as BPA is an 

organic compound which was first synthesized in 1891 

by Aleksander Dianin, a Russian chemist. BPA has a 

chemical nomenclature of 2, 2 – bis (4-hydroxyphenyl) 

propane. The detrimental effects arise as BPA starts to 

leach from the bottle and enters into the diet of the baby. 

Although the effect of BPA in this case would be 

postnatal, more serious effects are seen in pre-natal 
exposure.6 

Post natal effects of BPA are manifested as  change in 

neuro-behaviour,7,8 cognitive skills and social 

behaviour,9,10 underdeveloped reproductive system,11-13  

and deformed mammary glands.14-18 

The effects of BPA are agonistic to action of estrogens. It 

alters developmental processes by blocking or inducing 

different cell signalling in estrogen responsive and 

sensitive tissues even at a very low dose (exposure). The 

compound is capable of binding to the estrogen receptor 

-α and -β and induces estrogenic activity.19The 

significance of BPA was realized during the mid-1930s 
with the discovery of its ability to act as an agonist to 

estrogen in ovary ectomized (estrogen deficient) rats. 

The phenomena was discovery by two biochemists 

Edward Charles Dodds and William Lawson but failed to 

explain the mechanism hence tried to solve this mystery 

through their endocrinology background. Their discovery 

was of much importance, due to the fact that isolation of 

naturally occurring hormones was very difficult at that 

point of time; hormone which could agonise the estrogen 

can be easily duplicated hence it served as alternate 

source to natural hormones. This opened a new arena of 
extensive research on BPA which revealed severe 

developmental effects on the foetus.  
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ABSTRACT 

Globally anthropogenic materials have replaced natural materials. These substances which were industrially useful have 
proved to be highly deleterious in recent decade. One of these compound is Bisphenol A (BPA), which is used in almost all 
food cans and containers. This paper focus on little known aspects of BPA which is an endocrine disruptor on oogenesis, gene 

implants, embryo development, mammary glands, prostate ,testis urethra. Exposure to even small concentrations of BPA have 
shown severe impact on different stages of embryo development. The behaviour modifications as well as carcinogenic effects 
are also discussed based on the studies on various animal models.  
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 In early 1950s BPA’s industrial uses were realized. It 
was found to provide a strong backbone for plastics and 

epoxy resins and was used as plastic coatings in food 

packaging industry 20. It provided transparency, heat 

resistance, high resilience, and low weight to certain 

polycarbonates. Epoxy resins containing BPA act as 

good sealants that are corrosion resistant and prevent 

contamination 6. It is used in production of baby bottles, 
21 dental prostheses, 22 PVC stretch films and in even 

papers.23 

Leaching of BPA from food cans and containers 

Any metallic food container requires certain level of rust 

and corrosion resistance in order to be used as food 

containers. This is achieved by coating them with epoxy 

resins along the inner side. These resins are synthesized 

by condensation reaction between BPA and 

epichlorhydrin to create Bisphenol A diglycidyl ether 

(BADGE) 24.  

 

 

Phenol        +       Acetone    +    Phenol               --------------------           Bisphenol A (BPA) 

Synthesis of Bisphenol A 

The complete polymerization results in leaching of BPA 

from the epoxy resin into the food stored in it. The Table 

No 1 shows the leaching levels of BPA from food cans 

and epoxy resins. Several studies have been conducted 

on the conditions that facilitate migration of BPA from 

the coating of cans. 23 The studies were aimed at 

determining the influence of heating time and 

temperature, storage time and temperature, and various 

other factors on the level of BPA migration and have 

estimated leaching to be in the range of 4–23 g of BPA 

per can. 25 

 

Table 1: shows the leaching levels of BPA from cans and containers coated with epoxy resins.23 

Detection method Sample Leaching levels    Reference 

HPLC Cans containing 20 types of food products 4-23 µg/can 25 

GC-FID Three epoxy resin 0.32-89.79 ng/ml 26 

HPLC/FD Cans with epoxy resin linings 7-31 ng/ml 26 

GC-MS Cans with epoxy resin linings 100%detection rates 27 

 

Studies revealed a greater impact of heating temperature 

than heating time on BPA migration 26. Presence of 

Vegetable oil and sodium chloride solutions were also 

found to significantly increase BPA leaching. Heat 

catapults the dissolution of DPA in the packed food in 

BPA coated food containers.27 Preservation of canned 

foods by heating at 100o C leads to an increased 

concentration of BPA estimated to be 1.7–55.4 times the 

normal concentration.23 

Effect on early Oogenesis  

BPA exposure was proven to induce changes in Meiotic 

Chromosome behaviour. Ovary of mouse foetus when 
exposed to BPA at the time of development showed 

increased synaptic defects and number of recombination 

events between homologous chromosomes in cell cycle’s 
meiotic prophase. Studies on rhesus monkeys showed a 

highly significant increase in mean MLH1 (MutL 

Homolog1) values per cell in oocytes from exposed 

compared with placebo treated foetuses. [29]   An 

increased meiotic aneuploidy in oocytes was also 

observed in the mouse colony when they were 

accidentally exposed to BPA from the animal cages and 

plastic water bottles used to feed them.30 

Effect on gene imprinting  

Mendelian inheritance supports that all inheritance is 

based on DNA nucleotide sequence. In nature both 

alleles of one gene are not equally expressed but shows 

differential expression of genes depending on parental 

inheritance. The imprints or epigenetic instructions are 

laid down in the parental germ cells. The embryo 

developing in the mother receives the signals from fetal 

growth genes which manifests different character in the 

offspring rather than dictated by genetic makeup.  

Exposure to BPA in the case of pregnant, viable, yellow 

agouti mice lead to altered agouti expression and 

decreased DNA methylation at 9 CpG islands within the 

intracisternal-A particle retro-transposon locus in the 

offspring.31 Higher dose of BPA exposure in F1 hybrid 

mice generated by reciprocal mating of C57BL/6 and 

B6(CAST7), resulted in disruption of parental specific, 

monoallelic expression of the Snrpn, Igf2 and Kcnq1ot1 

genes in a tissue-specific manner. 
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Higher dose of BPA exposure resulted in significantly 

more placentas exhibiting biallelic expression of the 

paternally expressed Snrpn gene. Loss of imprinting 

(LOI) as shown in  Fig.1 occurred in 13/28 placentas 
from higher dose BPA exposed mice compared to 0/23 in 

controls.32 

Effect on Embryo 

 

In experimental test mice exposed to 100 mg/kg/day 

BPA on a pre-implantation basis, it was seen that the 
exposure regimen inhibited implantation of the embryo. 

Further it was noted that the 100 mg/kg/day BPA 

exposure regimen delayed embryo transport in the 

reproductive tract, and also delayed early embryo 

development.33 A decrease in the number of embryos was 

observed after administering BPA at 10mg/kg dose in 

experimental mice.33 

 

Xenopus embryo exposed to high concentration of BPA 

(2.5x10 -5 M) resulted in morphological abnormalities 

including scoliosis and malformation of the head region. 
Most of the embryos did not survive the treatment and 

those which did were with malformations.34,35 

Studies on zebrafish embryos showed that BPA exposure 

at 5 µM during the developmental window of 72 to 96 

HPF resulted in 25 fold overexpression of AroB which 

indicated strong developmental effects on brain at the 

molecular, cellular and functional levels.36 

Effect on the mammary gland 

Development of the mammary gland and the 

organization of its tissues are altered by exposure to BPA 

as shown in several animal experiments.14,15,16 

The perinatal BPA exposure slowed the ductal invasion 
of stroma 14. The study further revealed the appearance 

of the mammary glands of the non-pregnant mice to 

closely resemble that of their pregnant counterparts.13  

Higher estradiol sensitivity in BPA exposed test animals 

were witnessed and a higher rate of neoplastic 

development were also reported in mice.15 

Effect on Testis, prostate and urethra 

A decrease in testis weight, of mice at 8 and 12 weeks of 

age when treated with BPA at an early developmental 

stage as compared to the control group 9]. Further it was 

noted that a larger effect on testis weight was seen in the 

low dose group than compared to the higher dose group.9 

The wet weight of the testis in the 5 and 10 µg/ml –
treated mice was found to be significantly lower than the 

control group.20
 

Low dose exposure of BPA in fetal mice results in an 

increased number of dorsal, lateral and ventral ducts in 
the prostate compared to that of control.37 The volume of 

the paired coagulating glands were also increased 
[33]

. 

Malformations in the urethra around the neck of the 

bladder was also reported following exposure to low 

dose BPA in test mice. 37 

Effect on Behaviour 

Mice showed a temporary high aggression score after 

BPA treatment as they reached their sexual maturity 

around 8 weeks of age following exposure during fetal 

development.9Another study reported an increased 

change in the maternal behaviour of mice treated with 

low dose of BPA. The study further characterizes the 
exposure pattern responsible for inducing the altered 

behaviour. It was reported that either exposure as a 

foetus or during late pregnancy, not including both, was 

capable of inducing maternal behavioural changes such 

as lower levels of nursing and higher levels of other 

behaviours including resting and self-grooming.10 

Carcinogenic Effects 

Studies conducted on rats exposed to 250 µg of BPA 

prenatally, which is a significantly high dose, resulted in 

changes in the number of epithelial structures. An 

increase in the number of  terminal end buds (TEB) 
and terminal ducts (TD)  was observed in the high dose 

group.38 Prenatal exposure to BPA has also been shown 

to induce preneoplastic lesions in the mammary gland. 

The study further points out that BPA exposed rats could 

be more sensitive to estrogen predisposing them to 

higher proliferation and reduced apoptosis leading to 

malignancies.39 Low dose BPA exposure effects, in the 

human context, was reported in 2009 to be responsible 

for inducing proliferation of the human seminoma cells 

by activating the PKA and PKG signalling pathways. 11 
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It was further hypothesized that low dose BPA exposure 

during foetal development, contributed to “testicular 
germ cell carcinogenesis”.40 

Even in low dosage of BPA in neonatal exposure, 

induced a series of abnormalities which were 

carcinogenic in nature.11 Progressive proliferative lesions 

in the oviduct was seen in all the BPA treated mice. An 

increased cystic endometrial hyperplasia was also 

observed in all of the BPA treated groups. Further a 25 

% increase in the incidence of neoplastic lesion 
associated with stromal cell sarcomas was also noticed in 

the BPA in the group of 100 mice. 11 

Further Studies 

BPA is an industrially useful compound and thin film 

coating can be given to control its leaching. Studies on 

the effect of Biofilm formation, cellular changes at the 

time of adsorption of microbes, biological remediation of 

the BPA can be undertaken to minimize the extent of 

hazards of endocrine disruptor in environment. The 

microbes in the environment are know to form Biofilm 

on any moist surface and are capable to uptake, 

metabolize and utilize most of the xenobiotic compound 

as carbon source to generate energy.  Our laboratory is 

dedicated in R & D to understand Biofilm formation and 

cellular modification in bacteria. 

ACKNOWLEDGMENTS 

This study is supported, financially by Science & 

Engineering Research  Board (SERB), Department of 
Science and Technology, New Delhi India, by funding 

the Project “Differential membrane lipid profile and 
fluidity of Acidithiobacillus ferrooxidans during the 

process of adhesion to minerals” (D.O No. 
SR/S3/ME/0025/2010). Dr. Anand Prem Rajan, Principal 

Investigator, wants to thank SERB for helping studies on 

industrially important Biofilm as well as cellular 

mechanisms during Biofilm formation.  

   

REFERENCES: 

1. Anand P. R, Isolation & characterization of oil degrading 

bacteria from oil contaminated soils of Vellore district Tamil 

Nadu India. Journal of Environmental Science and 

Engineering, 2010; 52(2); 113 – 116.  

2. Anand P. R, P. Gokul Chandra, J. Amudha, Study On 

Consortium Of Bacteria In Chromium Laden Aquatic 

Ecosystem Of India, International Journal of Institutional 

Pharmacy and Life Sciences, 2012; 2(1): 161 – 123. 

3. Anand P. R. , J. Amudha and K. Sasikala, Effect of heavy 

metals mercury and copper on plasma electrolytes in fresh 

water fish Cyprinus carpio var. communis. Asian Journal of 

Water, Environment and Pollution, 2009; 6(4): 107-112. 

4. Anand P. R, Enjoy Long and Healthy Life with Mirzam Josh, 

Marjoram (MaioranaHortensis Moench.), Ayurveda for All, 

2008; 5: 40-42. 

5. Anand P. R, Resveratrol – An Unique Solution for All Health 

Problems, Environ Sci Engg, 2008; 6: 23-26. 

6. Cooper-Roth, Tristan; The Embryo Project Encyclopaedia, 

http://embryo.asu.edu/pages/effects-bisphenol-embryonic-

development  

7. Saili, K.S., Corvi, M.M., Weber, D.N., Patel, A.U., Das, S.R., 

Przybyla, J., Anderson, K.A.,Tanguay, R.L., Neuro-

developmental low-dose bisphenolA exposure leads to early 

life-stage hyperactivity and learning deficits in adult zebra 

fish. Toxicology 2011; 291: 83–92. 

8. Sathyanarayana S, Braun JM, Yolton K, Liddy S, Lanphear 

BP, Case report: high prenatal bisphenol a exposure and 

infant neonatal neurobehavior, Environmental Health 

Perspectives, 2011; 119: 1170–1175. 

9. Kawai K, Nozaki T, Nishikata H, Aou S, Takii M, Kubo C, 

Aggressive Behavior and Serum Testosterone Concentration 

during the Maturation Process of Male Mice: The Effects of 

Fetal Exposure to Bisphenol A, Environmental Health 

Perspectives. 2003; 111: 175–178. 

10. Palanza P, Howdeshell KL, Parmigiani, Saal F S M, 2002. 

Exposure to a Low Dose of Bisphenol A during Fetal Life or 

in Adulthood Alters Maternal Behavior in Mice, 

Environmental Health Perspectives, 2002; 110(3): 415–422. 

11. Newbold RR, Jefferson WN, Banks EP, Long-term Adverse 

Effects of Neonatal Exposure to Bisphenol Aon the Murine 

Female Reproductive Tract,Reproductive Toxicology, 2007; 

24(2): 253–258. 

12. Cabaton, N.J., Wadia, P.R., Rubin, B.S., Zalko, D., 

Schaeberle, C.M., Askenase, M.H., Gadbois, J.L., Tharp, 

A.P., Whitt, G.S., Sonnenschein, C., Soto, A.M., Perinatal 

exposure to environmentally relevant levels of bisphenol-A 

decreases fertility and fecundity in CD-1 mice. Environmental 

Health Perspectives. 2010; 119:547–552. 

13. Holtcamp W, Prenatal exposure to BPA and sexually selected 

traits in malemice, Environmental Health Perspectives, 2011; 

119(9): a383. 

14. Markey CM, Luque EH, Munoz De Toro M, Sonnenschein C, 

Soto AM, Inutero exposure to bisphenol A alters the 

development and tissue organizationof the mouse mammary 

gland, Biology of Reproduction, 2001; 65: 1215–1223. 

15. Munoz de Toro M, Markey CM, Wadia PR, Luque EH, Rubin 

BS, Sonnenschein C, Soto AM, Perinatal exposure to 

bisphenol-A alters peripubertal mammary gland development 

in mice, Endocrinology, 2005; 146(9): 4138–4147. 

16. Vandenberg LN, Maffini MV, Wadia PR, Sonnenschein C, 

Rubin BS, Soto AM, 2007b. Exposure to environmentally 

relevant doses of the xenoestrogen bisphenol-A alters 

development of the fetal mouse mammary gland, 

Endocrinology, 2007: 148: 116–127. 

17. Goodson 3rd WH, Luciani MG, Sayeed SA, Jaffee IM, Moore 

2nd DH, DairkeeSH, Activation of the mTOR pathway by 

low levels of xenoestrogens in breast epithelial cells from 

high-risk women, Carcinogenesis, 2011; 32: 1724–1733. 

18. Jenkins, S., Wang, J., Eltoum, I., Desmond, R., Lamartiniere, 

C.A.. Chronic oral exposure to bisphenolA results in a non-

monotonic dose response in mammary carcinogenesis and 

metastasis in MMTV-erbB2 mice. Environmental Health 

Perspectives. 2011; 119: 1604–1609. 

19. Hanako Nishizawa, Maki Morita, Miki Sugimoto, Satoshi 

Imanishi, Noboru Manabe, Effects of In Utero Exposure to 

Bisphenol A on mRNA Expression of Arylhydrocarbon and 

Retinoid Receptors in Murine Embryos, Journal of 

Reproduction and Development, 2005; 51(3): 315-324. 

20. Kabuto H, Masao Amakawa, Tsuyoshi Shishibori, Exposure 

to bisphenol A during embryonic/fetal life and infancy 

increases oxidative injury and causes underdevelopmentof the 

brain and testis in mice, Life Sciences, 2004; 74: 2931–2940. 

21. Brede C, Fjeldal P, Skjevrak I, HerikstadH, Increased 

migration levels of bisphenolA from polycarbonate baby 

bottles after dishwashing, boiling and brushing, Food Addit 

Contam, 2003; 20: 684–689. 

22. Suzuki K, Ishikawa K, Sugiyama K, Furuta H, Nishimura F, 

Content and release of bisphenol A from polycarbonate dental 

products. Dent Mater J, 2000; 19: 389–395. 

23. Vandenberg LN, Hauser R, Marcus M, Olea N, Welshons 

WV, Human exposure to bisphenol A (BPA), Reproductive 

Toxicology, 2007a;  24: 139–177. 

24. http:\\www.bisphenol-a.org, 2007. 

25. Brotons JA, Olea-Serrano MF, Villalobos M, Pedraza V, Olea 

N, Xenoestrogens released from lacquer coating in food cans, 

Environmental Health Perspectives, 1995; 103(6): 608–612 

http://embryo.asu.edu/pages/effects-bisphenol-embryonic-development
http://embryo.asu.edu/pages/effects-bisphenol-embryonic-development


Rajan et al                                           Journal of Drug Delivery & Therapeutics; 2014, 4(1), 92-96   96 

© 2011, JDDT. All Rights Reserved                                                  ISSN: 2250-1177                                                    CODEN (USA): JDDTAO 

26. Kang JH, Kito K, Kondo F, Factors influencing the migration 

of bisphenol A from cans, J Food Prot, 2003;  66:  1444–
1447. 

27. Takao Y, Lee HC, Kohra S, Arizono K, Release of bisphenol 

A from food can lining upon heating, Journal of Health 

Science, 2002; 48(4);  331–334. 

28. Hunt PA, Lawson C, Gieske M, Murdoch B, Smith H, Marre 

A, Hassold T, Vande Voort C A, Bisphenol A alters early 

oogenesis and follicle formation in the fetal ovary of the 

rhesus monkey, PNAS, 2012; 109(43): 17525-17530. 

29. Hunt PA, Koehler KE, Susiarjo M, Hodges CA, Ilagan A, 

Voigt R C, Thomas S, Thomas B F, Hassold T J, Bisphenol A 

exposure causes meiotic aneuploidy in the female mouse, 

Curr. Biol.2003;  13: 546–553. 

30. Dolinoy DC, Huang D, Jirtle RL, Maternal nutrient 

supplementation counteracts bisphenol A-induced DNA 

hypomethylation in early development, PNAS, 2007; 

104(32);  13056–13061. 

31. Susiarjo M, Sasson I, Mesaros C, Bartolomei MS, Bisphenol 

A Exposure Disrupts Genomic Imprinting in the Mouse, 

PLOS Genetics, 2013;   9(4): e1003 401. 

32. Xiao S, Diao H, Smith MA, Song X, Ye X, Preimplantation 

exposure to bisphenol A (BPA) affects embryo transport, pre-

implantation embryo development, and uterine receptivity in 

mice, Reproductive Toxicology, 2011; 32(4): 434–441.  

33. Tachibana T,Wakimoto Y, Nakamuta N, Phichitraslip T, 

Wakitani S, Kusakabe K, Hondo E, Kiso Y, Effects of 

Bisphenol A (BPA) on Placentation and Survival of the 

Neonates in Mice, Journal of Reproduction and Development, 

2007;  53: 509-514. 

34. http://embryology.med.unsw.edu.au/embryology/index.php?ti

tle=2009_Group_Project_5 

35. Shawichi Iwamuro, Michiaki Sakakibara, Megumi Terao, 

Akiko Ozawa, Chizuko Kurobe, Tomokuni Shigeura, Mayuko 

Kato, and Sakae Kikuyamab, Teratogenic and anti-

metamorphic effects of bisphenol A on embryonic and larval 

Xenopus laevis, General and Comparative Endocrinology, 

2003;  133:  189–198 

36. Chung E, Genco MC, Megrelis L, Ruderman JV, Effects of 

bisphenol A and triclocarbanonbrain-specific expression of 

aromatase in early zebra fish embryos PNAS, 2011;  108(43):  

17732-17737. 

37. Timms BG, Howdeshell KL, Barton L, Bradley S, Richter C, 

Saal FSV, Estrogenic chemicals in plastic and oral 

contraceptives disrupt development of the fetal mouse 

prostate and urethra, PNAS , 2005;  102(19): 7014-7019. 

38. Moral R, Wang R, Russo IH, Lamartiniere CA, Pereira J, 

Russo J, Effect of prenatal exposure to the endocrine 

disruptor bisphenol A on mammary gland morphology and 

gene expression signature, Journal of Endocrinology, 2008;  

196:  101–112 

39. Durando M, Kass L, Piva J, Sonnenschein C, Soto AM, 

Luque EH, Munoz de Toro M,Prenatal Bisphenol A Exposure 

Induces Preneoplastic Lesions in the Mammary Gland in 

Wistar Rats, Environmental Health Perspectives, 2007; 115:  

80–86. 

40. Bouskine A, Nebout M, Brucker Davis F, Benahmed M, 

Fenichel P, Low Doses of Bisphenol A Promote Human 

Seminoma Cell Proliferation by Activating PKA and PKG via 

a Membrane G-Protein–Coupled Estrogen Receptor, 

Environmental Health Perspectives, 2009; 117:  1053–1058.

 

http://embryology.med.unsw.edu.au/embryology/index.php?title=2009_Group_Project_5
http://embryology.med.unsw.edu.au/embryology/index.php?title=2009_Group_Project_5

