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Abstract

Most of us are unaware of the different harmful ingredients present in our personal care
products which are silently pushing us towards a more complicated life. Although these products
“are of immense importance for the modern era, awareness of the harmful ingredients present in
these will at least reduce the exposure levels amongst us. One of the very harmful yet most
widely used chemicals present in our cosmetics, perfumes and luxury items are the
parahydroxybenzoates (parabens). They occur naturally at low levels in some foods like
strawberries, carrots and onions. Parabens in food are metabolized when eaten, making them less
strongly estrogenic. But the presence of intact par benzoates in human body tissues coming from
the cosmetics has now been confirmed. They have also been detected in human breast cancer
tissues. It is studied that females had several folds higher concentration of methylparaben,
butylparaben and propylparaben than males, reflecting the greater use of products containing
parabens by females. Routes of the exposure and the mechanism of action of these noxious
chemicals are an important fact which we must become concern of to save our present and future
generation from their life threatening effects. It is high time now for becoming aware of the
different deadly health disorders imposed by these chemicals on a healthy life style.
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Introduction

Parabens represent a homologous series of chemicals where p-hydroxybenzoic acid is
esterified at the C-4 position with either alkyl groups of varying length or an aryl group (Fig 1).
The chemical structure of parabens is similar to the female sex hormone estrogen (Ye ef al.,

2006). They occur naturally at low levels in barley, strawberries, vanilla, carrots, and onions.
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Parabens in foods are readily metabolized when eaten, making them less strongly estrogenic
(Smith et al., 2012). Parahydroxybenzoates or parabens are a class of preservative which
typically includes methylparaben, ethylparaben, propylparaben, butylparaben, isobutylparaben,
isopropylparaben and benzylparaben (Fig 2). The chain length of the alkyl group on the paraben
is directly proportional to their antimicrobial activity and inversely to their water solubility (Soni
et al., 2005; Taxvig et al., 2008). These are widely used in cosmetics, toiletries and
pharmaceuticals to inhibit the microbial growth and extend the product shelf life (Golden er al.,
2008). The consumegs of these products are frequently affected via the skin, lips, eyes, oral
mucosa and hair.

Parabens are the endocrine disruptors (Prusakiewics et al., 2008). The ability of different.
chemicals to interfere with the performance of the endocrine system, affecting the normal
development, reproduction and general hormonal functions of the body (such as metabolism,
growth, fluid balance and cardiovascular functions) is known as the endocrine disruption. A
xenobiotic may produce such disruptions by a variety of mechanisms, such as interacting with a
target (via a hormone receptor or non-receptor pathway), affecting hormone secretion or
biological half-life or by modulating the feedback relationships that exist in the hypothalamo-
pituitary target organ (gonadal, thyroid) systems (Karpuzoglu et al., 2013).

In the recent years, studies have been conducted to determine whether components of
personal care products (cosmetics, soaps, hair sprays and shampoos) possess endocrine

disrupting activities due to the presence of parabens (Witorsch and Thomas, 2010).
COOR

I R=alky] or aryl groups ]

OH

Fig 1. Structure of para hydroxybenzoate
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Fig 2. Structures of different parabens
Parabens and their harmful effects

The chemical structure of parabens is similar to that of estrogen, so they can mimic
estrogenic effects in the body (Boberg et al., 2010). A variety of in vitro methods have been
employed to assess the estrogenic activities of parabens, such as, competitive binding with
tritiated estradiol-17B to the estrogen receptor (ER) (using rat urine cytosol preparations), the E-
screen assay (yeast cell transected with ER and reporter construct), and proliferative or other
l;iologica] responses of estrogen sensitive cells (such as MCF-7 human breast cancer cells)
(Byford ef al., 2002). The European Cosmetic Directive has restricted the maximum level of
parabens in cosmetics to 0.4% for one ester and 0.8% for a mixture of ester (EC, 2009). They can
easily penetrate through the skin. Parabens in cosmetics bypass the metabolic processes and enter
the blood stream and body organs intact. Estrogen receptor alpha (ERa), also known as NR3A|1
(nuclear receptor subfamily 3, group A, member 1), is one of two main types of estrogen
receptor, a nuclear receptor that is activated by the sex hormone estrogen (Anderson and
Anderson, 1998) (Fig 3). Various studies have shown that butylparaben stimulate oncogene (a
gene that has the potential to cause cancer) expression and breast cancer cell proliferation in vitro
via ERa by mimicking estrogenic activity (Anderson and Anderson, 1998). These suggest
that parabens can cause cancer (Darbre ef al., 2004). Parabens interfere with male reproductive

functions. The interaction between parabens and mitochondrial function in the testis is the reason
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explaining the contribition of parabens for decrease in reproductive potential (Darbre and
Harvey, 2008). They were shown to damage the late stages of spermatogenesis (Handa et al.,
2006). Butylparaben, propylparaben decrease the serum testosterone concentration (Oishi, 2002)-
Studies have shown that butylparabens are known to cause impaired sexual behavior in pregnant
Wister rats (Boberg ef al., 2010). It was demonstrated that the exposure of post-weaning
mammals to butylparaben adversely affects the secretion of testosterone (Hui-Ting ef ai., 2017)..
Recent work has also revealed that the hydrolysis of parabens by esterases is slower in human
skin than in rat skin, suggesting that predictions based on the rat skin metabolism data may
significantly underestimate the level of paraben esters that can be absorbed from topical
application into underlying tissues of human skin (Darbre and Harvey, 2008). Confirmation of
the ability of parabens to be absorbed systematically from topical application to human subjects
has now been published in a study where levels of parabens could be shown to increase in both
blood and urine of 26 healthy young men following topical application of parabens in a cream
cosmetic formulation (Rossi and Desiderio, 2002). The potential effects of parabens on
estrogenicity were depicted in the histopathological abnormalities in the reproductive organs.
The histological analysis of the ovaries of peripubertal rats also revealed a decrease of corpora
lutea, increase in the number of cystic follicles and thinning of the follicular epithelium (Vo er
al., 2010). Furthermore, morphological analysis of th¢ uterus revealed the myometrial
hypertrophy under a high dose of propyl as well as isopropylparaben (1000mg/kg-day) and in all
dose groups of butyl as well as isobutylparabens (Vo ef al., 2010).

Due to the widespread use of Parabens, it has also been detected in soil, sewage water,
swimming pools, house dust, but at least not in drinking water in developed countries. Few

studies show the presence of methylparabens in fishes from Michigan, New York, and Florida
(Oishi, 2002).

Fig 3. Action of normal hormone and hormone mimic
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Conclusion

The review accounts a glimpse of the exposure of parabens in our daily life. Different
routes of exposure and the mechanism of action of these noxious ;:hemicals are an important fact
which we must become concern of to save our present and future generation from their life
 threatening effects, A safety concern is to be developed for the benefits of the mankind, so that
We and our environment are protected from the health hazardous effects of these chemicals.
Now, research is going on to focus on the use of herbal formulations which have lesser side

effects than chemicals, Furthermore, we should be cautious while selectihg the products to be
used.

Acknowledgement

I would like to acknowledge my supervisor Dr. Jayanta Maity, Assistant Professor,

Department of Chemistry, S.X.B. University, for his constant support. 1 acknowledge Dr.

Anwesa Chaudhuri, Former Doctoral Fellow, Department of Zoology, University of Burdwan for

her valuable opinions, advice and contribution. I would like to acknowledge Abhik Joydhar,
M.Sc student, Department of Chemistry, Vidyasagar University for his contributions. Last but
not the least, I acknowledge all the persons who had helped me regarding this paper.
References

*  Anderson, R. C. and Anderson, J. H., 1998. Acute toxic effects of fragrance products.
Arch Environ Health 53(2):138-146.

e  Boberg, J., Taxvig, C., Christiansen, S. and Hass, U., 2010, Possible endocrine disrupting
effects of parabens and their metabolites. Reprod Toxicol 30(2):301-312.

° Byford, J. R., Shaw, L. E., Drew, M. G. B., Pope, G. S., Sauer, M. J. and Darbre, P. D.,
2002. Estrogenic activity of parabens in MCF7 human breast cancer cells. J Steroid
Biochem Mol Biol 80:49-60. ‘

-

° Darbre, P. D. and Harvey, P. W,, 2008. Pa.aben esters: review of recent studied of
endocrine toxicity, absorption, esterase and human exposure and discussion of potential
human health risks. J Appl Toxicol 28(5):561-578. '

e  Darbre, P. D., Aljarrah, A., Miller, W. R., Coldham, N. G., Sauer, M. J. and Pope, G. S.,
2004. Concentrations of parabens in human bi-:ast tumours. J Appl Toxicol 24(1):5-13.

: 1201
PART - 1

|
e
|

P —




GENIUS - VOLUME - v1 ISSUE - II-ISSN 2279-0489 (I.F.-4.954)

FEBRUARY-JULY - 2018

EC (European Commission) Regulation (EC) No 122372009 of the European Parliament
and of the Council of 30 November 2009 on cosmetic products. Off J Eur Union 2009 L
342(59).
Golden, R., Gandy, J. and Vollmer, G., 2008. A review of the endocrine activity of
parabens and implications for potential risks to human health. Crit Rev Toxicol
35(5):435-458.
Handa, O., Kokura, S., Adachi, S., Takagj, T.; Naito, Y., Tanigawa, T., Yoshida, N. and
Yoshikawa, T., 2006. Methylparaben potentiates UV-induced damage of skin
keratinocytes. Toxicology 227(1-2):62-72.
Hui-Ting, Z., Ding, E. M. C. and Ding, W. H., 2017. Determination of parabens in
human urine by optimal ultrasound-assisted emulsification microextraction and on-line
acetylation gas chromatography-mass spectrometry. J Chromatogr B Analyt Technol -
Biomed Life Sci 1058:14-18.
Karpuzoglu, E., Holladay, S. D. and Gogal, R. M., 2013. Parabens: potential impact of
low-affinity estrogen receptor binding chemicals on human health. J Toxicol Environ
Health B Crit Rev 16(5):321-335.
Oishi, S., 2002. Effects of propyl paraben on the male reproductive system. Food Chem
Toxicol 40(12):1807-1813.
Prusakiewics, J. J., Harville, H. M., Zhang, Y., Ackermann, C. and Voorman, R. L.,
2008. Parabens inhibit human skin estrogen sulfotransferase activity: possible link to
paraben estrogenic effects. Toxicology 232:248-256.
Rossi, A. D. and Desiderio, C., 2002. Fast capillary electrochromatographic analysis of
parabens and 4-hydroxybenzoic acid in drugs and cosmetics, Electrophoresis
23(19):3410-3417.
Smith, K. W., Braun, J. M., Williams, P. L., Ehrlich, S., Correia, K. F. and Calafat, A.
M., 2012. Predictors and variability of urinary paraben concentrations in men and
women, including before and during pregnancy. Environ Health Perspect 120(11):1538-
1543.

Soni, M. G., Taylor, S. L., Carabin I. G. and Burdock, G. A., 2005. Safety assessment of

esters of p-hydroxy benzoic acid (parabens). Food Chem Toxicol 43:985-1015.

PART -1

121



GENTUS - VOLUME - VI ISSUE - II-ISSN 2279-0489 (IF.-4.954) FEBRUARY-JULY -2018

o  Taxvig, C., Vinggaard, A. M., Hass, U., Axelstad, M., Boberg, J., Hansen, P. R,
Frederiksen, H. and Nellemann, C., 2008. Do parabens have the ability to interfere with
steroidogenesis? Toxicol Sci 106:206-213.

¢ Vo, T. T. B, Yoo, Y. M, Choi, K. C. and Jeung, E. B., 2010. Potential estrogenic
effect(s) of parabens at the prepubertal stage of a postnatal female rat model. Reprod
Toxicol 29(3):306-316.

e  Witorsch, R. J. and Thomas, J. A, 2010. Personal care products and endocrine
disruption: a critical review of the literature. Crif Rev Toxicol 40(Sup3):1-30.

o Ye, X, Bishop, A. M., Reidy, J. A., Needham, L. L. and Calafat,'A. M., 2006. Parabens

as urinary biomarkers of exposure in humans. Environ Health Perspect 114(12):1843-
1846.

e —

PART - 1 : 221 ‘





{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

