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Parabens have been used as preservatives in foods, injectables, and topical preparations for nearly 10 decades. Present

in nature, rapidly metabolized by skin and liver enzymes, they have an excellent safety record. However, in the past

15 years, they have been under scrutiny for their alleged estrogenic and antiandrogenic effects, as well as their putative

role in promoting cancerogenesis through endocrine disruption. Scientific articles supporting these assertions have led

the European Community to ban or restrict the use of some parabens. Despite that methylparaben and ethylparaben have

negligible endocrine disruption activity, the food, pharmaceutical, and cosmetic industries are under pressure from scare

campaigns in the media and are responding by replacing parabens with other biocides that cause multiple cases, and

even worldwide epidemics, of allergic contact sensitization. In the present review, we present a balanced account of

the published literature about the metabolism and potential toxicology of parabens.

Introduced in the 1920s, the esters of parahydroxybenzoic acid,
or parabens, are the most widely used biocides in foods and

cosmetics. These antimicrobial compounds are naturally present
in living organisms and plants such as strawberries, blueberries,
grapes, olives, yeast, and barley.1,2 Nonmutagenic in the Ames
test and deemed nontoxic, they are also inexpensive, odorless,
and colorless.3 Four estersVmethylparaben, ethylparaben, propyl-
paraben, and butylparabenVare commonly used, most often in
association with each other for increased effectiveness at low con-
centration.4,5 Isopropylparaben, isobutylparaben, phenylparaben,
and benzylparaben are used less often. When applied to the skin,
they are hydrolyzed to parahydroxybenzoic acid by keratinocyte
carboxylesterases, whereas ingested parabens are metabolized by
intestinal and hepatic esterases.

Poul Bonnevie is credited with the first description of allergic
contact dermatitis from ethylparaben in a fungicidal cream.6 In
the subsequent decades, additional reports confirmed the sensi-
tizing potential of parabens. The cosmetic and pharmaceutical
industries reacted by introducing new biocides, such as the
formaldehyde releasers and, more recently, the isothiazolinones.
From a contact dermatitis point of view, parabens have a much
better record than all of the other families of cosmetic pre-
servatives. Their rate of contact sensitization has remained con-
stantly low for decades, in the range of 0.5% to 3.5%, but mostly

around 1%, of all patients who attend a contact dermatitis
clinic.3,7Y9 For the past 12 years, the North American Contact
Dermatitis Group has reported sensitization rates for the paraben
mix to fall between 0.6% and 1.4%.10 Most cases of sensitization
occur when paraben-containing products, such as emollients and
corticosteroid creams, are applied to eczematous or ulcerated
skin with a defective epidermal barrier. In fact, patients thus
sensitized are often able to tolerate paraben-containing products
applied to normal skin, an effect known as the ‘‘paraben paradox.’’3

NEW CONCERNS AND REGULATORY CONTROLS

In the past 20 years, the safety of parabens has been challenged.
Because of their weak estrogenic activity, they are now suspected
to be potential endocrine disrupters that may contribute to the
development of breast cancer and the occurrence of male in-
fertility. The alarmist tone of some scientific publications has
had thunderous echoes in the media, feeding the delusions of
‘‘chemophobes’’ who see evil in any product that does not come
from a ‘‘natural’’ source. A respected Canadian environmental pro-
tection organization, the David Suzuki Foundation, has parabens
on its list of ‘‘Dirty Dozen’’ cosmetic chemicals to avoid. Ever
sensitive to the demands of its customers, the cosmetic industry is
now marketing entire lines of paraben-free products. Given that
the biocides that are replacing the parabens are more allergenic,
the current worldwide epidemic of allergic contact dermatitis from
methylisothiazolinone comes as no surprise.11,12

In cosmetic products, according to the EU Council Directive
of 2000, parabens are allowed at a concentration of 0.4% for a
single paraben and 0.8% for mixtures of parabens.13 In March
2011, however, Denmark banned the use of propylparaben and
butylparaben in cosmetic products for children younger than
3 years. This led the EU Scientific Committee on Consumer Safety
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to reevaluate the subject and suggest that allowed concentra-
tions remain unchanged for methylparaben and ethylparaben but
that the sum of individual concentrations of propylparaben and
butylparaben in finished products be limited to 0.19%.14 On the
basis of this report, the EU Commission amended the Directive
and, in 2014, banned isopropylparaben, isobutylparaben, phenyl-
paraben, benzylparaben, and pentylparaben. As of April 16, 2015,
the limit of 0.19% for propylparaben and butylparaben applied,
and the use of these 2 preservatives is now prohibited in leave-on
cosmetic products designed for application on the diaper area of
children younger than 3 years. No regulation exists in the United
States and Canada, and manufacturers are under no obligation to
follow the guidelines of the US Cosmetic Ingredient Review Expert
Panel or Health Canada that recommends the same measures as
legislated in the EU.15

ESTROGENIC ACTIVITY OF PARABENS

In 1998, Routledge et al16 showed that parabens possessed estro-
genic activity when assessed in vitro: these esters could bind to
rodent uterine estrogen receptor and increase estrogen-regulated
gene expression in yeast cells. In this assay, butylparaben was the
most estrogenic, being 10,000-fold less potent than 17A-estradiol.
Estrogenic activity augments with increasing length of the alkyl
side chain, so that among members of this family, methylparaben
is the least estrogenic, and n-butylparaben is the most estrogenic. In
an in vivo assay that measured the weight of immature rat uterus,
oral administration of various parabens was without effect. How-
ever, subcutaneous administration of high doses (400-mg/kg body
weight) of butylparaben increased uterine weight, an effect approxi-
mately 100,000 times less potent than 17A-estradiol.16 Hossaini
et al17 investigated the estrogenic activity of parahydroxybenzoic
acid and its various esters administered orally and subcutaneously
in a mouse and rat uterotrophic assay. Oral administration was
without effect, and butylparaben was the only compound to pro-
duce a weak effect when administered subcutaneously in doses of
600-mg/kg body weight per day.17

In 2002, Byford et al,18 members of the research group di-
rected by Philippa Darbre at the University of Reading, United
Kingdom, proved that methylparaben, ethylparaben, propyl-
paraben, and n-butylparaben can bind to cytosolic estrogen re-
ceptor, increase estrogen-regulated gene expression, and increase
cell growth in the MCF7 estrogen-sensitive human breast cancer
cell line. Subsequent publications demonstrated similar, albeit
slightly higher, estrogenic activity of isobutylparaben19 and benzyl-
paraben.20 In the latter study, the authors observed increased uter-
ine weight in the immature mouse assay after topical application
of 3 daily doses of 33 mg (equivalent to a dose of 20-mg/kg body
weight).20

In 2001, in the European Journal of Cancer Prevention,
Darbre21 published an article with the alarming title: ‘‘Underarm
Cosmetics are a Cause of Breast Cancer.’’ In this article, she ex-
posed her hypothesis that the rising incidence of breast cancer

could be secondary to environmental exposure of cancer-
promoting agents in antiperspirants and deodorants. Her argu-
ments were that (1) the rise in breast cancer incidence since the
1970s parallels the increased use of underarm deodorants and
antiperspirants; (2) there is a disproportionately high incidence
of breast cancer in the upper outer quadrant of the breast, close
to the area where underarm cosmetics are applied; (3) breast
cancer is more common in the left breast, possibly reflecting that
most women are right handed and apply a larger amount of un-
derarm cosmetics to the left axilla; (4) only 10% of breast cancers
can be explained by genetic susceptibility, whereas 90% are due to
other risk factors, particularly lifetime estrogen exposure; (5)
parabens, and possibly other ingredients in underarm cosmetics,
have demonstrated estrogenic activity; and (6) parabens, being
lipophilic, may penetrate the skin ‘‘without even invoking any
major physiological carrier such as blood or lymphatics’’ and ac-
cumulate in surrounding tissues, including fat and breast.21 It
should be noted that the highest amount of breast tissue is found
in the upper outer quadrant, which may explain the higher inci-
dence of breast cancer in this area.22 Furthermore, the lymphatic
circulation goes from the breast to the axilla and not in the op-
posite direction.

Since the publication of this seminal article, Darbre23 has
devoted her research to substantiate her assumptions.22 In 2004,
she published in the Journal of Applied Toxicology another arti-
cle entitled ‘‘Concentrations of Parabens in Human Breast Tu-
mours.’’24 Using high-pressure liquid chromatography followed by
tandem mass spectrometry, her team was able to extract parabens
from 18 of 20 samples of breast tumor material. Methylparaben
accounted for 62% of the total amount of retrieved parabens. In
the same issue of the journal, an accompanying editorial by Harvey
and Everett25 cautioned that the detection of parabens in breast
tumor does not imply causality of the individual cancer and that
further research was needed.

Nevertheless, harsh critics followed the publication of the
Darbre et al article. Golden and Gandy,26 Jeffrey and Williams,27

and finally, Flower28 pointed out some of the limitations of the
study: (1) a small number of tumors were analyzed; (2) no in-
formation was provided about the background of the patients,
location and type of the tumor (ie, estrogen receptor positivity
status), use of cosmetics, and so forth; (3) absence of control tissue;
and most importantly, (4) blanks (no tissue) were also positive for
parabens, suggesting contamination during the analytical process.
In her reply to Golden and Gandy, Darbre reiterated that the
purpose of her study was to investigate whether parabens can be
detected in breast tissue.29 She reaffirmed that her study could not
identify the source of these parabens and that it never claimed that
the presence of parabens in malignant breast tissue was the cause
of the neoplasm. Darbre tackled the issue of the presence of
parabens in her blank samples by subtracting the amount found in
blanks from that found in the analyzed tumors, thus her surprising
findings of negative figures for some of her samples. On the other
hand, it should be noted that authors of the letters to the editor,
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criticizing the study, were consultants for the Cosmetic, Toiletry
and Fragrance Association or The Cosmetic, Toiletry and Per-
fumery Association Ltd and may not have been completely free
of bias themselves.

FURTHER EVIDENCE OF ESTROGENIC ACTIVITY

In 2008, Darbre and Harvey30 published an extensive review of
existing studies about the toxicology of parabens. The authors cite
the results of multiple in vitro and in vivo studies that assessed the
estrogenic activity of parabens. Of 25 in vitro studies (estrogen
receptor-binding assays), only one showed negative results. Of
the 30 in vivo studies (rat or mouse uterotrophic assays), 7 were
negative. Although the majority of studies showed positive re-
sults, for methylparaben and ethylparaben, 2 in vivo studies were
positive,31 and 2 were negative.17,32 Furthermore, in recent years,
parabens have been shown to exert their estrogenic activity not
only by binding the estrogen receptor but also by inhibiting
sulfotransferases, enzymes that inactivate estrogens.33

In 2013, Charles and Darbre34 published a more concerning
study where they claimed that parabens at concentration found in
human breast cancer cells were able to stimulate MCF-7 human
breast cancer cells in vitro. They showed that 43 (27%) of 160
of their human breast tissue samples contained at least 1 paraben
at concentration where they observed lowest observed effect
concentrations for MCF-7 proliferation. They also showed that
combined exposure to all 5 parabens at the same concentrations
showed a significant increase in proliferation of MCF-7 cells.
This in vitro study focused on proliferation of already-established
breast cancer cells but did not address the potential for malignant
transformation from a benign state. To date, no human studies
have showed convincing evidence that parabens cause and stim-
ulate breast cancer.

EPIDEMIOLOGICAL STUDIES

Two epidemiological studies that addressed the abovementioned
issue came up with conflicting results. Being retrospective, these
studies have their own limitations. Mirick et al35 published the
first study in 2002 in the Journal of the National Cancer Institute.
It was a population-based, case-controlled study that included
813 patients diagnosed with breast cancer and 793 control sub-
jects. Participants were questioned about use of antiperspirants
and deodorants or application of such products within 1 hour of
shaving. The risk for breast cancer did not increase with any
of those activities. One year later, McGrath36 published in the
European Journal of Cancer Prevention a study that stratified 437
surviving female patients with breast cancer into nonusers and
minimum, middle, and maximum users of deodorants and anti-
perspirants. The mean age at the time of breast cancer diagnosis
was progressively lower from the nonusage to maximum usage
groups. In addition, beginning these activities before the age of
16 years was associated with a significantly earlier age at diagnosis.

An association between underarm cosmetics and breast cancer
was postulated, and a call for further studies was made. Darbre
quotes this study as corroborative evidence of her claims, although
the authors did not target parabens, but aluminum salts as potential
culprits. It should be noted that no epidemiological study specific to
paraben and breast cancer development has ever been performed.

TRANSDERMAL PENETRATION

In their 2008 article, Darbre and Harvey30 review the absorption
and metabolism of parabens. They state that, regarding trans-
dermal absorption, other investigators have now shown that (1)
topical application of parabens to the skin can result in systemic
absorption detectable in human urine,37 (2) esters can enter the
human body without degradation to parahydroxybenzoic acid by
cutaneous esterases and possibly by intestinal and liver enzymes,38

(3) methylparaben penetrates the skin to the greatest extent, and
(4) repeated cutaneous application of a butylparaben-containing
preparation causes a 6-fold accumulation of the preservative in
the stratum corneum between 1 and 4 weeks.39

The authors mention that not only underarm products but
also cosmetics as a whole, including shampoos and moisturizers,
need to be assessed for their potential to cause systemic absorption
and possible tissue accumulation of parabens in the human body.
They are concerned that repeated exposure for many years, es-
pecially in highly sensitive subgroups such as babies and children,
could lead to endocrine disruption and play a role in the occur-
rence of breast cancer. They conclude their article with a call for
additional research ‘‘to define clearly whether there are additive
or even inhibitory effects in human breast cancer cells of combi-
nation of all the paraben esters and combinations of all the paraben
esters together with other cosmetic estrogens and also environ-
mental estrogens known to enter the breast through diet.’’

One study by Frederiksen et al40 determined the concentration
of 5 parabensVmethylparaben, ethylparaben, n-propylparaben,
n-butylparaben, and benzylparabenVin urine, serum, and seminal
plasma samples from 60 healthy Danish men. This study found
only negligible urine, serum, and seminal plasma levels of n-
butylparaben, with median values of 0.19, less than 0.33, and less
than 0.06 ng/mL, respectively. Methylparaben and n-propylparaben
were measurable in the majority of serum and seminal plasma
samples, whereas the other parabens could only be detected in some.
In all 3 matrices, significant correlations between the parabens were
seen. Furthermore, urinary paraben concentrations correlated with
the concentrations present in both serumand seminal plasma. These
measured levels of parabens presumably reflect only a fraction of
human exposure, as it is believed thatmost of the absorbed parabens
are rapidly transformed into harmless and nonspecific metabolites.
The fraction of the parent compounds excreted in urinemay depend
on the route of exposure. Compared with oral ingestion, uptake of
parabens through the skinmay thus result in higher serum and urine
concentrations of the parent compounds because they bypass he-
patic degradation. Nevertheless, the presence of parent compounds
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in the 3 human compartments indicates that uptake of parabens
results in exposure of human tissues to potentially harmful sub-
stances. However, another study conducted in 332 postmeno-
pausal women failed to detect butylparaben and found traces of
methylparaben, ethylparaben, and propylparaben (medians of 9.4,
G3, or G2 ng/mL, respectively) in only a fraction of analyzed plasma
samples.41

ANTIANDROGENIC AND
REPRODUCTIVE EFFECTS

Parabens have been found to possess antiandrogenic activities,
similar to phthalates and bisphenol A. In the Oishi42Y44 studies,
exposure of prepubertal male rats to propylparaben or butyl-
paraben in the diet from weaning to adulthood at nominal dose
levels of 10, 100, or 1000 mg/kg/d inhibited spermatozoon pro-
duction after puberty. Testosterone levels were significantly de-
creased at the highest dosage, but because no data were available
for luteinizing hormone or follicle-stimulating hormone, no con-
clusion could be drawn about whether the decrease in testosterone
level was due to a central effect or a peripheral effect. Although
direct testicular toxicity could not be ruled out, endocrine disrup-
tion was suspected to be the primary cause in light of previously
described in vitro and in vivo data. In these studies, no data were
presented on sperm recovery or plasma exposure, and themaximum
nontoxic dose was not determined, so comparison with human
exposure levels, if any, is impossible.

An attempt to reproduce these results failed: although the re-
peat study used the same protocol and rat strain and a larger number
of animals and measured additional reproductive end points, it
found no adverse reproductive effects at dietary dose levels of up
to 10,000 ppm, corresponding to greater than 1000 mg/kg/d of
methylparaben or butylparaben.45 Interestingly, Oishi32 himself was
unable to document any spermatotoxic effects with methylparaben
and ethylparaben.

In another recent study focusing on a highly sensitive end point
of estrogen-mediated toxicity, propylparaben and butylparaben
were administered subcutaneously at doses of up to 35 mg/d to
pregnant mice during days 1 to 4 of pregnancy. This study found
no adverse reproductive or other effects in mice, whereas the posi-
tive control substance, 17A-estradiol, produced the expected termi-
nationofpregnancy.46Adevelopmental toxicity studyof butylparaben
administered to rats at doses of up to 1000 mg/kg/d failed to reveal
adverse reproductive effects.47 Similar results were obtained in a study
undertaken to resolve the conflicting published evidence about the in
vivo effects of propylparabenon themale reproductive tract in juvenile
rats and to investigate other parameters, including low-dose exposure,
recovery, exposure, and hormone analysis. The protocol was based on
those of published studies designed to investigate the effects of
parabens on the male reproductive system, with male rats exposed to
comparable oral doses from weaning to adulthood. There was no
evidence of an effect of propylparaben on the weight of the male re-
productive organs, epididymal sperm parameters, hormone levels, or

histopathology. The dose of 1000 mg/kg/d was the no-observed ad-
verse effect level, corresponding to a maximum plasma concentration
of 12,030 ng/mL and exposure to 47,760 ngIh/mL (area under the
curve, 0Y8hours) at the endof the treatment.48Theoverall evidence, as
well as the consensus of a number of expert reviews, suggests that
parabens pose little or no risk of adverse reproductive effects in
vivo.3,4,49Y51

EFFECT OF PARABENS ON
ADIPOCYTE DIFFERENTIATION

Research on the effects of parabens on health is limited, and the
effects of parabens on adipogenesis have not been systematically
studied. Hu et al52 report that parabens promote adipogenesis (or
adipocyte differentiation) in murine 3T3-L1 cells, as revealed by
adipocyte morphology, lipid accumulation, and messenger RNA
expression of adipocyte-specific markers. The adipogenic potency
of parabens is increased with increasing length of the linear alkyl
chain in the following potency ranking order: methylparaben G

ethylparaben G propylparaben G butylparaben. The adipogenic
effects of parabens are mediated through the glucocorticoid re-
ceptor and/or the peroxisome proliferator-activated receptor F.
These results suggest that parabens could contribute to the obesity
epidemic, and the role of parabens in adipogenesis in vivo needs to
be examined further.

PARABENS ACTIVITY IN HUMAN SUBJECTS

As discussed, most data published in the last decade from in vivo
and in vitro studies show a very weak estrogenic activity of the
parabens, but clinical data in human subjects are lacking. The
study by Janjua et al39 analyzed dermal absorption in human
subjects. Twenty-four healthy volunteers were exposed daily for
1 week to a cosmetic formulation containing 2% of butylparaben,
2% of diethyl phthalate, and 2% of dibutyl phthalate. Serum
measurements showed that butylparaben was detectable with a
concentration peak of 135 Kg/L, but no effect was noticed on
multiple hormone levels (luteinizing hormone, estradiol, thyroid-
stimulating hormone). It should be noted that the concentration
of parabens in this study was much higher than the 0.4% allowed
in cosmetic products and is not reflective of the standard usage
of parabens.

Regarding the effect of parabens on the male reproductive
system, 1 study in human subjects by Meeker et al53 investigated
the relationship between urinary concentrations of parabens, se-
rum hormone levels, and semen quality parameters. They collected
samples from male partners (n 9 132) attending an infertility
clinic. No evidence was found of a relationship between parabens
and hormone levels, sperm count, or motility. However, a signif-
icant association between sperm DNA damage (measured by
Comet assay) and butylparaben was observed. Limitations of this
study included a high temporal variability in paraben exposure levels
and a relatively small sample size resulting in low statistical power.
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Two recent studies evaluated a potential association between
urinary paraben concentrations and markers of oxidative stress
and inflammation. Kang et al54 showed an association between
urinary levels of butylparaben and a marker of oxidative damage
(8-hydroxydeoxyguanosine). Watkins et al55 showed that urinary
isoprostane, a reliable marker of oxidative stress, was associated
with elevated urinary levels of butylparaben and propylparaben;
however, an increase in butylparaben was contradictorily associ-
ated with a decreased C-reactive protein, a nonspecific marker
of inflammation.

Most epidemiologic studies performed in humans carried sig-
nificant limitations. The identified correlations might be coinci-
dental, and studies with larger sample sizes are needed to properly
assess causality. Many confounders (systemic disease, viral infec-
tion, medication) may explain elevated nonspecific markers of ox-
idative stress and inflammation. However, this weak yet significant
relationship warrants more investigation. Most data published in
the last decade support a weak estrogenic activity of parabens, but
clinical data in human subjects are lacking. Studies are designed
under specific in vitro and in vivo experimental protocols that are
not reflective of human effects mainly because they fail to prove
hormonal activity in humans and fail to consider the metabolism,
degradation, and elimination of parabens in human subjects.56

CONCLUSION

All this new information is ground enough for concern. TheWorld
Health Organization Expert Committee on Food Additives has
recommended that, in view of the adverse effects in male rats
(reproductive toxicity associated with endocrine effects), propyl-
paraben should be excluded from the group Acceptable Daily In-
take for parabens used in food.57 The same evaluation noted the
withdrawal of specification for butylparaben on similar grounds.

Given that the estrogenic effect is dose related, Routledge et al16

determined that methylparaben was 2.5 million times and butyl-
paraben was 10,000 times less potent than 17A-estradiol. Any
effect caused by the doses of parabens received from topical con-
sumer products is likely to be insignificant compared with natural
estrogens. The American Cancer Society has concluded that there
is no good evidence to support a claim that use of cosmetics such
as antiperspirants increases an individual’s risk of developing breast
cancer.58 Epidemiological studies evaluating underarm cosmetics
and breast cancer are conflicting, and although paraben exerts
veryweak estrogenic activity in vitro and in vivo, human clinical data
are lacking, and there is insufficient scientific evidence to establish
causality between parabens and breast cancer. However, tissue
distribution of parabens is unknown, as well as the effects of long-
term exposure. New evidence seems to show that they may not
be as safe as we used to think, and larger, prospective, epidemi-
ological, and toxicological studies are needed. If the results of
these future studies eventually establish a link between parabens
and breast cancer or other endocrine-disturbance disorder, the in-
dustry will have no choice but to turn away from these preservatives.

The numerous articles published by Darbre and her collaborators
already have made an impact in the general public, and many cos-
metic companies have reacted by substituting parabens with other
preservatives such as the isothiazolinones. The consequences for
dermatologists are obvious: we are facing an epidemic of allergic
contact dermatitis to methylisothiazolinone and subsequently more
work in the patch test clinic.
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