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Estrogenic and anti-estrogenic activity of off-the-shelf hair and
skin care products
Sharon L. Myers1,2, Chun Z. Yang3, George D. Bittner3,4, Kristine L. Witt5, Raymond R. Tice5 and Donna D. Baird1
Use of personal care products is widespread in the United States but tends to be greater among African Americans than whites. Of
special concern is the possible hazard of absorption of chemicals with estrogenic activity (EA) or anti-EA (AEA) in these products.
Such exposure may have adverse health effects, especially when it occurs during developmental windows (e.g., prepubertally)
when estrogen levels are low. We assessed the ethanol extracts of eight commonly used hair and skin products popular among
African Americans for EA and AEA using a cell proliferation assay with the estrogen sensitive MCF-7:WS8 cell line derived from a
human breast cancer. Four of the eight personal care products tested (Oil Hair Lotion, Extra-dry Skin Lotion, Intensive Skin Lotion,
Petroleum Jelly) demonstrated detectable EA, whereas three (Placenta Hair Conditioner, Tea-Tree Hair Conditioner, Cocoa Butter
Skin Cream) exhibited AEA. Our data indicate that hair and skin care products can have EA or AEA, and suggest that laboratory
studies are warranted to investigate the in vivo activity of such products under chronic exposure conditions as well as
epidemiologic studies to investigate potential adverse health effects that might be associated with use of such products.
Journal of Exposure Science and Environmental Epidemiology advance online publication, 21 May 2014; doi:10.1038/jes.2014.32
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INTRODUCTION
Personal care products are a 40 billion dollar industry in the United
States, whereas worldwide, the industry is worth more than $200
billion.1 Environmental and human health concerns regarding these
products are increasing,2,3 but they do not fall under regulatory
scrutiny in the United States unless a health claim is made for a
product or damage to the environment warrants investigation.
Personal care products enter the environment in a number of
ways including down-the-drain disposal, leaching from landﬁlls, and
direct dispersal (e.g., sunscreen wash-off from swimmers). Components of these products are now among the most commonly
detected trace chemicals (in the nanogram to microgram per liter
range) in surface water4,5 and groundwater.6 As some ingredients
of personal care products degrade slowly and some ingredients
concentrate in lipids, these substances have the potential to
bioaccumulate in the environment, thus indirectly exposing wildlife
and humans.4,7 However, substantially higher exposures to humans
would be expected from personal use of these products than from
environmental exposures, and reports linking direct exposures to
adverse health effects have begun to appear. Use of products with
estriol concentrations ranging from 9 to 24 mg/g8–13 or containing
components with estrogenic or antiandrogenic activity has been
associated with premature sexual development and prepubertal
gynecomastia in case reports. More extensive observational studies
have indicated a relationship between self-reported product use
and hormonally mediated outcomes.10,13
In the United States, African Americans report heavier use of
many personal care products compared with whites,10,14,15 and
may therefore be at higher risk for any possible adverse health
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effects. National Health and Nutrition Examination Survey
(NHANES) data show that African Americans have higher levels
of urinary parabens16 and monoethyl phthalate, a metabolite of
diethyl phthalate;17 these chemicals are common ingredients in
personal care products.18 The ethnic disparity may be especially
marked for children, with black children exhibiting far higher
levels compared with white children for the two most commonly
detected parabens in NHANES.16
Of most concern are the potential endocrine disrupting effects
of these products, given that some may contain endogenous
estrogens19 or ingredients found to have estrogenic effects.20
However, estrogenic (or anti-estrogenic) effects of the personal
care products as commercial mixtures have not been evaluated. In
this study, we used an in vitro roboticized version of the E-SCREEN
assay that quantiﬁes estrogen receptor (ER)-mediated proliferation
of breast cancer MCF-7 cells21 to perform a hazard assessment of
ethanol extracts of eight off-the-shelf hair and skin care products
that are popular among African American women for estrogenic
activity (EA) or anti-EA (AEA).

MATERIALS AND METHODS
Cell lines, Media, and Products
MCF-7:WS8 cells were a gift from Dr. V. Craig Jordan (Northwestern
University, Chicago, IL, USA). In this cell line, 490% of ER is ERa and the
remaining o10% is ERb. The expression level of GPR30, a membrane
bound ER that has been associated with reduction in cell growth, is
unknown.22 Chemicals having EA bind to ERs, producing genomic
estrogen activation if EA or inhibiting activation if AEA, thereby
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stimulating MCF-7 cell proliferation or suppressing the ability of E2 to
stimulate MCF-7 cell proliferation, respectively.21,23,24 We use the MCF-7 EA
assay to evaluate the ability of extracts to stimulate cell proliferation,
relative to an E2-positive control. Cell proliferation by a test substance is
veriﬁed as via ER by the ability of ICI 182,780, a well-known ER antagonist,
to interfere with test substance-induced cell proliferation (i.e., to displace
EA-containing chemicals from binding to ERs). The AEA MCF-7 assay
examines if extracts decrease MCF-7 cell proliferation induced by lower,
non-saturating (2.0  10  12 M) and higher, saturating (2.0  10  9 M)
concentrations of E2, relative to the decrease in cell proliferation produced
by ICI 182,780, used as the AEA-positive control. As reported by Yang
et al.,24 these MCF-7 EA and AEA assays have a 100% concordance with
classiﬁcations for a set of ICCVAM meta-analyses of test chemicals and are
at least as accurate as the validated test methods accepted by the US
Environmental Protection Agency and the Organisation for Economic Cooperation and Development. This assay is very sensitive with a halfmaximal response (EC50) to E2 of B1  10  12 M E2.24
Media used to initially grow and maintain the cells was RPMI-1640
(Roswell Park Memorial Institute, Buffalo, NY, USA) with non-essential amino
acids, 10 mg/ml phenol red, 4 mM L-glutamine, 6 ng/ml insulin, 100 units/ml
penicillin, 100 mg/ml streptomycin, and 10% fetal bovine serum (FBS). Media
and media supplements were purchased from Invitrogen (Grand Island, NY,
USA). 17b-Estradiol (E2) was purchased from Sigma-Aldrich (St Louis, MO,
USA) and ICI 182,780 (ICI) was purchased from Tocris Bioscience (Minneapolis, MN, USA). EA and AEA assays were performed in estrogen-free
medium (EFM) that is modiﬁed from cell maintenance media by replacing
10% FBS with 1% charcoal-stripped FBS and 4% charcoal-stripped
calf serum, and substituting phenol red-containing RMPI-1640 with phenol
red-free RPMI-1640. The vehicle control (VC) was 1% ethanol (EtOH) in EFM.
As previously described,23,24 every 2–3 months, stocks were regrown
from the same MCF-7 primary source, and cells were seeded onto 96-well
plates at 5000 cells/well in 200 ml EFM in 96-well plates and incubated for
72 hours. Cells were then treated with E2 or a test extract for 6 days and
solutions were changed every other day. Each dilution of E2 or an extract
was placed in three wells in different regions of 96-well plates. Data points
on graphs are the (normalized) EA±the standard deviation (SD) for those
three wells (see below). The (normalized) VC mean and SD were calculated
from all VC wells of a given assay run. Variation of the same dilution of E2
or an extract for wells within a single run was usually so small that the error
bars showing the SD were typically hidden by the symbol showing the
mean value.
Cell proliferation was assessed by a modiﬁed diphenylamine (DPA)
reaction25,26 to measure the amount of DNA in each well containing VC,
VC þ a given concentration of test extract, or VC þ a given E2
concentration, using a Bio-Tek PowerWavex 96-well plate reader
spectrophotometer, as previously described.23,24 The DNA content in
each well was compared with a DNA standard curve using this DPA
reaction after incubating the 96-well plates and DNA standard plate 24 h at
37 1C by measuring the absorbance as the difference between OD590 and
OD690 with a Bio-Tek ELx 808 plate reader. Each experimental run had a
DNA standard curve for calibration. The absorbance was converted to mg
DNA/well by a third degree polynomial curve ﬁt of the DNA standard
curve.27 The DNA standard curve ﬁt typically had a correlation coefﬁcient
40.99 and accurately estimates the number of MCF-7 cells.23,24

Personal Care Product Protocols
Eight personal care products were identiﬁed as popular among young
African American women who participated in focus groups in preparation
for conducting a study of uterine ﬁbroids (Study of Environment, Lifestyle
& Fibroids (www.detroitself.org)). These included four hair care products
(HP1: Hair Relaxer, HP2: Placenta Hair Conditioner, HP3: Tea-Tree Hair
Conditioner, HP4: Oil Hair Lotion) and four skin care products (SP1: Cocoa
Butter Skin Cream, SP2c and SP2y: Extra-dry Skin Lotion, SP3: Intensive Skin
Lotion, SP4: Petroleum Jelly); these are general product terms and not the
actual product names. Products were purchased from retailers in Raleigh–
Durham, NC, USA. Each product was assigned an assay number upon
receipt and ingredient information from the label was recorded
(Supplementary Table). The products were stored at room temperature
as recommended by their manufacturer before testing.

Extraction Procedures
A small aliquot of each product was weighed in a 12 ml glass tube and
100% EtOH was added at a ratio of 1 ml to 1 g product. Each mixture in the
glass tube was vortexed, the tubes were placed on a shaker for 2–3 h at
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room temperature, and then centrifuged at 445 g for 10 min at room
temperature, typically producing a pellet of unextracted material and a
transparent phase. A transparent phase at the initial g/ml concentration
could not be obtained for three of the eight samples (HP2, HP3 (hair
conditioners), SP4 (petroleum jelly)). For these three samples, additional
EtOH was added so that the ﬁnal concentration was 0.5 g product/ml and
the initial dilution factor was twice that of the other products. One sample
(SP2 (Extra-dry Skin Lotion)) separated into a transparent colorless (SP2c)
and transparent yellow liquid (SP2y) phase plus a pellet. The liquid phase
of each extract was transferred into a 1.5 ml tube, centrifuged at 15,700 g
for 15 min at room temperature, and the transparent liquid phases were
transferred to a 1.5 ml tube before diluting and testing for EA and AEA.

Protocols for EA and AEA Assays
Protocols for the EA and AEA assays were as previously described23 using
a robotic version of the MCF-7 E-SCREEN cell proliferation assay.21 The
positive control was an E2 dose–response curve and the extract vehicle
was the negative control. An EpMotion 5070 robotic workstation
(Eppendorf, Hamburg, Germany) was used to seed cells in 96-well plates,
prepare serial dilutions of the test chemicals in tissue-culture medium,
change media, and collect samples for the DNA quantiﬁcation assays. DNA
quantiﬁcation, based on the DPA reaction, was conducted using a Bio-Tek
PowerWavex 96-well plate reader spectrophotometer.
For the EA assay, aliquots of extracts were diluted 100X with EFM to
obtain the ﬁrst (highest) test concentration of 0.01 g/ml for all but three of
the samples. The HP2, HP3, and SP4 samples, which were further diluted in
the extraction phase, started at a test concentration of 0.005 g/ml. The
second through sixth test concentrations were obtained by a threefold
serial dilution with the VC (e.g., the second testing concentration was
obtained by mixing two volumes of VC and one volume of the ﬁrst testing
concentration). For the AEA assay, aliquots of extracts were diluted 100X
with 4.0  10  12 M E2 (low E2) in EFM to obtain the ﬁrst test concentration
and then serially diluted in Low E2 to produce the second through sixth
test concentrations. Each extract concentration was tested in triplicate or
quadruplicate on 96-well plates containing MCF-7 cells in EFM. Cells were
fed on Day 0 and fresh medium was added with the test extracts every
other day up to Day 6. After 6 days of exposure, the amount of DNA/well,
an indication of cell proliferation, was assayed using a microplate
modiﬁcation of the Burton DPA assay.25,26

Calculation of EA
The EA of extracts was calculated as the relative maximum %E2 (%RME2, a
measure of response amplitude), a percentage of the maximum DNA/well
produced by an extract at any dilution relative to the maximum DNA/well
produced by E2 (positive control) at any dilution, adjusted by the DNA
response to the vehicle (negative) control according to Equation 1:

% RME2 ¼

MaxDNAExtract ðmg=wellÞ  DNAVehicle control ðmg=wellÞ
100 %
MaxDNAE2 ðmg=wellÞ  DNAVehicle control ðmg=wellÞ

The EA of a test extract was considered detectable if it produced
cell proliferation greater than 15% RME2, a value greater than 3 SDs of
the VC.23
Stimulation of MCF-7 proliferation by an extract was conﬁrmed to be an
estrogenic effect (versus non-speciﬁc effects) by an EA conﬁrmation assay.
If the stimulation of MCF-7 proliferation by an extract was suppressed at
least 2SD by co-incubation with 1.0  10  8 M ICI (a strong anti-estrogen),
then the EA of the extract was conﬁrmed. That is, the unsuppressed and
ICI-suppressed data points were signiﬁcantly different at Po0.05. An
extract was classiﬁed as not having detectable EA if it did not induce
MCF-7 cell proliferation greater than 15% RME2, or if it induced
proliferation that could not be inhibited by ICI.
For any EA assay run of an extract to be acceptable, the VC, E2 induction,
half-maximum response of E2 (EC50), and E2 R2 had to meet strict
acceptance criteria. That is, the mean DNA mg/well for the VC in this
experiment was no more than the laboratory historical VC mean þ 3SD
(0.13 mg/well þ 3(0.04 mg/well) ¼ 0.25 mg DNA/well). The maximum proliferation induced by E2 (positive control) was at least 3 times the VC
proliferation. The E2 EC50 was no more than the historical E2 EC50
mean þ 3SD (3.38  10  12 M þ 3(2.99  10  12 M) ¼ 1.2  10  11 M). Lastly,
the E2 concentration–response curve had a coefﬁcient of determination
(E2 R2) Z0.9 as calculated by Hill kinetics.27
& 2014 Nature America, Inc.
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Calculation of AEA
The AEA of extracts was calculated according to Equation 2 as the
relative maximum %ICI (%RMICILow E2), a measure of response amplitude. %RMICILow E2 is interpreted as the degree to which the extract
reduced cell proliferation relative to the inhibition of cell proliferation
produced by ICI (a strong anti-estrogen; positive control).
% RMICILow E2 ¼

DNALow E2 ðmg=wellÞ  DNAExtract in Low E2 ðmg=wellÞ
100 %
DNALow E2 ðmg=wellÞ  DNAMax ICI in Low E2 ðmg=wellÞ

Low E2 was set at 4.0  10  12 M E2, which was historically equal to
60–80% of the maximum E2 response (EC60-EC80) in our MCF-7 assay.
The concentration of ICI that produced the maximum reduction of low
E2-induced cell proliferation (i.e., the least mg DNA/well) was deﬁned as
RMICILow E2. %RMICILow E2 was normalized to 100% for each experimental
run. The DNA value for low E2 stimulation (without ICI or test chemical)
was normalized to 0%. The AEA of a test extract was considered detectable
if it suppressed low E2-stimulated cell proliferation by at least 3SD for
at least one dilution of the extract (i.e., %RMICILow E2 for an extractZ3SD
of low E2 for at least one dilution tested).
Suppression of low E2-stimulated MCF-7 proliferation induced by an
extract was conﬁrmed to be anti-estrogenic (rather than non-speciﬁc
cytotoxicity) in an AEA ‘‘conﬁrmation’’ assay.24 If the suppression of MCF-7
proliferation by an extract (in the presence of low E2) was reversed by
at least 2SD after co-incubation with 2.0  10  9 M E2 (high E2), the AEA of
the extract was conﬁrmed. That is, to conﬁrm AEA, the 2SD error bars of
low E2 and high E2 curves for an extract must not overlap. An extract was
classiﬁed as not having detectable AEA if it did not suppress E2-stimulated
MCF-7 cell proliferation, or if it suppressed E2-stimulated cell proliferation
that could not be reversed by high E2.
For an AEA assay of an extract to be acceptable, the acceptance criteria
had to be met for the VC as described for the EA Assay. In addition, ICI
had to reduce the low E2 proliferation by at least 1.5 times, calculated by
dividing DNALow E2 by the least value of DNAICI in Low E2. Low E2 (mg DNA/
well) induction also had to be within three times the mean þ SD of our
historical low E2 (0.65 mg/well þ 3(0.20 mg/well) ¼ 1.3 mg/well). Finally, the
ICI concentration–response curve had to have a negative slope that
included at least one data point on its linear portion.

Cytotoxicity Test
After cell treatment with any extract, and before removing cell culture
medium in each conﬁrmation assay for EA or AEA described above, cell
viability was scored by visual inspection as evaluated and approved
by the Interagency Coordinating Committee on the Validation of Alternative Methods as part of the MCF-7 validation process.24 Normal cell
morphology was scored as one, low cytotoxicity (o50% of cells with
altered morphology) was scored as two, moderate cytotoxicity (50% to
o90% of cells with altered morphology) was scored as three, and high
cytotoxicity (few or no cells visible) was scored as four. If an extract dilution
had a cytotoxicity score of Z2, that data point was excluded from data
analyses (i.e., no cytotoxicity was acceptable). The presence of cytotoxicity
in this proliferation-based assay to detect EA can signiﬁcantly affect the
EA–response curve to reduce EA detection and could also result in a falsepositive assessment for AEA. However, as described above, we performed
AEA conﬁrmation assays of products that reduced E2-induced MCF-7
proliferation to avoid a false-positive AEA conclusion.

RESULTS
EA Assays of Personal Care Products
A sample dose–response curve for the positive control (E2) is
shown in Figure 1a, illustrating a typical sigmoidal cell proliferation response (y axis) to increasing concentrations of E2
(x axis) that is subsequently suppressed by the anti-estrogen ICI.
The VC (1% EtOH in EFM) shows no cell proliferation. A positive
and VC were included for each assay run, and the maximum
normalized cell proliferation with E2 was set to 100% RME2 and
the normalized proliferation with the VC was set to 0% RME2. The
response of the test sample was evaluated as a percent of RME2
(plotted as normalized EA).
Figure 2 shows sample EA dose–response curves for the nine
extracts of eight hair (HP1-4) and skin products (SP1-4; SP2 had a
transparent colorless (SP2c) and transparent yellow (SP2y) extract
& 2014 Nature America, Inc.

and both were analyzed). Positive EA is seen for HP4 (Figure 2d)
and all but one (SP1) of the four skin care products (Figure 2f–i). All
extracts were tested at least twice for EA, and the maximum
response level (Normalized EA) for each separate run is listed in
Table 1. Five of the nine extracts demonstrated EA, and the runs
for an individual product showed consistent presence or absence
of EA with one exception: SP2c exhibited EA in two trials and no
detectable EA in a third trial (a trial showing no activity and one of
those showing EA are shown in Figure 2f). The level of Normalized
EA was consistently above 40 for HP4, SP2y, and SP4 (Table 1).
Although SP3 exhibited some EA, it was below 40 in all but one of
the runs. The highest dilution (i.e. lowest concentration) exhibiting
EA varied from 1/24,300 (SP2y) to 1/1,800 (SP4).
ER-mediated EA is conﬁrmed by ICI suppression of MCF-7 cell
proliferation. Products having detectable EA were subjected to
this conﬁrmation assay, and suppression was demonstrated in all
cases of EA (see sample curves showing inhibition by ICI in
Figure 2d, f–i). That is, cell proliferation induced by an extract of
any product was conﬁrmed to be due to ER binding rather than to
any non-speciﬁc mechanism.
AEA Assays of Personal Care Products
The response pattern of AEA for the positive control, ICI, is shown
in Figure 1b. The concentration-dependent response for ICI (in low
E2) shows a descending curve, illustrating the inhibition of E2induced cell proliferation as ICI concentration increases. This
suppression of cell proliferation illustrates the dose-dependent
increases in AEA, plotted from 0–100 as normalized AEA (%RMICI).
High concentration E2 (ICI þ high E2) reverses this inhibition.
The hair and skin product extracts were similarly examined for
each extract’s ability to suppress the proliferation of MCF-7 cells
produced by low E2. Figure 3 shows dilution–response curves for
all extracts, plotted as normalized AEA. Both hair conditioners
(HP2 & HP3) as well as the Cocoa Butter Skin Cream (SP1)
exhibited AEA (Figure 3b, c, and e). The three products having
detectable AEA were conﬁrmed because high E2 produced a
recovery of cell proliferation of at least 2SD. That is, suppression of
cell proliferation induced by an extract was indeed due to binding
of E2 to ERs, rather than non-speciﬁc suppression due to cytotoxic
or other effects. The level of normalized AEA for each of the three
products was from 52% to 79% (Table 1).
The normalized AEA curves for the hair and skin products that
had exhibited EA are also noteworthy. For these products, the cell
proliferation tended to increase with increasing concentrations
(lower dilutions) (Figure 3d, f–i). This indicates that the proliferative effects of the low E2 and the proliferative effects of the
personal care product tended to be additive.

DISCUSSION
To our knowledge, this is the ﬁrst report of tests for EA and AEA of
off-the-shelf hair and skin care products, rather than selected
single ingredients of such products. Seven of eight tested
products exhibited EA or AEA. No product exhibited both EA
and AEA.
Except for SP4 (Petroleum Jelly), all products had lengthy
ingredient lists, with 74 total listed ingredients for the eight
products (Supplementary Table). To our knowledge, most of
the listed ingredients have not been tested for EA, much less
for AEA.28 Placenta and tea-tree oil are thought to have EA,9,15 but
the two hair conditioners with these ingredients demonstrated
AEA instead. Six of the eight products contained parabens
(Supplementary Table), preservatives that have demonstrated
varying degrees of EA depending on the type (e.g. ethyl, methyl,
propyl).20,29,30 In our studies, three of these paraben-containing
products showed EA and the other three showed AEA. Petroleum
Jelly (SP4) exhibited moderate EA in our tests and it was among
Journal of Exposure Science and Environmental Epidemiology (2014), 1 – 7
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Figure 1. (a) Log concentration (moles, abscissa) versus normalized
EA (%, ordinate) calculated as given in Equation 1 for E2 as the
positive control. Each data point and associated error bars in this
and other figures is the normalized mean±SD of three wells on the
same plate. (SD is often so small that error bars are hidden by the
symbol plotting the mean.) Unfilled squares and solid line:
concentration–response curve for E2. Filled squares and solid line:
concentration–response curve for E2 plus 10  8 M ICI to confirm that
estrogenic activity is suppressed by an inhibitor of estrogen
receptor binding. Filled downward triangle joined by dotted line:
VC þ 3SD. (b) Log concentration (moles, abscissa) versus normalized
AEA (%, ordinate) calculated as given in Equation 2 for ICI as the
positive control. Unfilled squares and solid line: concentration–
response curve for ICI plus low (4  10  12 M) E2. Filled squares and
solid line: concentration–response curve for ICI plus high (10  9 M)
E2 to confirm that any suppression of estrogenic activity in low E2 is
reversed by high E2. Filled downward triangles joined by dotted
line: low E2 þ 3SD.

the top-ﬁve ingredients in four other products (HP1, HP4, SP1 and
SP3). However, EA was observed only in two of the products, HP4
and SP3, whereas HP1 showed no activity and SP1 showed AEA.
Thus, the EA or AEA of these products was not predictable by
examining their listed ingredients.
Perhaps the most surprising ﬁnding about any one product was
the EA of SP4 (Petroleum Jelly). This product is often used alone
but is also commonly used in other skin care products31 and as a
vehicle for dermal drug-delivery preparations.32 Petroleum jelly
products are also often used on infants as low-cost therapies
for common problems such as diaper rash33 and recurring
nosebleeds.34 Petroleum jelly, also called petrolatum, was ﬁrst
produced and patented in the 1870s from a waste product of
crude oil made up of a complex mixture of straight chain,
branched chain, and cyclic hydrocarbons.35 It has never been
synthetically reproduced but continues to be manufactured by
reﬁnement of the crude petroleum product.36 Thus, commercial
petrolatum may differ among production batches and
manufacturing sites. For example, when petrolatum is used as a
vehicle for drug delivery, drug release can vary by manufacturer.37
Petroleum jelly has been considered to have low skin
penetrance,38 but it includes cyclic hydrocarbons, and a ring
structure is considered essential for EA or AEA.39 The question of
Journal of Exposure Science and Environmental Epidemiology (2014), 1 – 7

petrolatum penetrance needs further study in order to evaluate
the risk of endocrine disruption due to its topical application.
Given the limited number of products tested and the variety of
ingredients in different personal care products, our data do not
allow for generalizations about product type. In other words, the
presence or absence of EA or AEA in the speciﬁc products we
tested is not an indicator of EA or AEA in similar (non-tested)
product types. We used ethanol as our extraction solvent and
some chemicals having EA might not be soluble in ethanol.
Therefore, using a single solvent as an extract might have led to
false negatives, as was seen for extracts of plastic products.23
Finally, all products tested were sold with plastic packaging.
Estrogen-active compounds (e.g., BPA) often leach from plastics23
and could contribute to EA detected in a personal care product. It
would be of interest in a follow-up study to identify, through
chemical analyses and testing of the identiﬁed peaks for EA and
AEA, the active ingredient(s) in each product exhibiting signiﬁcant
activity. However, such an evaluation is beyond the scope of the
current project and the results would not alter the signiﬁcance of
the ﬁnding that the extracts of several of the products examined
here exhibit such activity in vitro.
One limitation of in vitro testing systems is the difﬁculty in
extrapolating to in vivo effects in humans. The MCF-7 assay takes
into account effects on cellular metabolism such as cytochrome
P450 enzyme metabolism that is functional in this breast cancer
cell line. However, although ERa was implicated in our observations, any potential effects due to the membrane bound
estrogen receptor, GPR30, were not investigated. Nor have we
evaluated possible effects of these products directly on downstream factors such as aromatase. Thus, further study with other
in vitro systems could increase our understanding of the modes of
action and the effects of these products. In addition, important
questions about whole-body and organ-speciﬁc responses remain
unanswered.
A major factor for hair and skin product effects is the extent of
dermal absorption. Dermal absorption has been well studied and
documented for medications that can be delivered via creams
(e.g., testosterone and progesterone) or skin patches (e.g.,
synthetic estrogen and progestin for contraception). Absorption
of speciﬁc personal care product ingredients has also been
implicated. Examples include parabens, especially the short chain
methyl, ethyl, and propyl parabens,16,40,41 and short chain
phthalates.42 However, skin absorption of most ingredients has
not been tested, and the effects of product mixtures are mostly
unknown.
Few studies have examined health effects resulting from the
use of personal care products. Possible increase in breast cancer
risk is a concern,43–46 especially after a report that parabens were
found to be present in tumor tissue at levels similar to those found
to induce uterine growth in a rodent model.47 Furthermore, a
recent study indicated that high urinary monoethyl phthalate
levels may be related to increased breast cancer risk and
suggested that it may be related to personal care product use.11
However, no study has examined breast cancer risk in relation
to personal care product use. Case reports have linked exposure
to personal care products and premature female sexual
development,12,48 as well as gynecomastia in boys8,9,49 and
men.50 But one study which measured urinary excretion of
parabens in a small group of pregnant women found no
signiﬁcant association with anogenital distance in their male
offspring.51
We are aware of only three epidemiologic studies examining
personal care product use and adverse health outcomes. The ﬁrst
is a pilot study examining the association between hair product
use in childhood and early age at menarche. Women in New York
city were interviewed about their hair product use as children,
using pictures of possible products to increase accuracy of selfreport.10 Results showed that hair oil use as a child was most
& 2014 Nature America, Inc.
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Figure 2. (a–i) Dilution–response curves for EA for each of four Hair or four Skin Product extracts as indicated, based on the normalized
mean±SD of three wells on the same plate. (SD is often so small that error bars are hidden by the symbol plotting the mean). Ordinate:
normalized EA response (%RME2); Abcissa: extraction dilution. Panels (d, f–i) show confirmation assay for products exhibiting detectable EA.
Filled downward triangle joined by dotted line: VC þ 3SD. Unfilled square and solid line: concentration–response curve for extracts. Filled
squares and solid line: concentration–response curve for the extract plus 10  8 M ICI to confirm that estrogenic activity of the extract is
suppressed by an inhibitor of estrogen receptor binding. T: concentrations exhibiting cytotoxicity by visual observations.
Table 1.

Estrogenic activity (EA) and anti-estrogenic activity (AEA) of eight personal care products.

Product code

Product description

Hair products (HP)
HP1
HP2
HP3
HP4

Hair relaxer
Hair conditioner with placenta and jojoba oil
Hair conditioner with tea-tree oil
Oil hair lotion

Skin products (SP)
SP1
SP2c
SP2y
SP3
SP4

Cocoa butter cream
Extra-dry skin lotion (colorless phase)
Extra-dry skin lotion (yellow phase)
Intensive skin lotion
Petroleum jelly

Normalized EA (%RME2)

Normalized
AEA (%RMICI)

ND, ND, ND
ND, ND, ND
ND, ND, ND
50, 77

ND
63
79
ND

ND, ND
ND, 16, 77
43, 89
19, 16, 111, 37, 24
64, 48, 77, 54, 43

52
ND
ND
ND
ND

Abbreviation: ND, not detected, refers to individual assay results that did not meet the criteria for EA or AEA.
The extra-dry skin lotion sample produced two extracts differing by color.

prevalent among African American women and was signiﬁcantly
associated with earlier menarche after adjustment for race/
ethnicity and year of birth. The second study found an
association between hair relaxer use and uterine ﬁbroids among
participants in the Black Women’s Health Study.13 The third study
investigated the incidence of endometriosis and use of personal
care products containing benzophenone-type UV ﬁlters in a
population of women undergoing laparoscopy/laparotomy or
pelvic imaging; women with elevated urinary levels of an
& 2014 Nature America, Inc.

estrogenic metabolite of the UV ﬁlters were more likely to be
diagnosed with endometriosis.52
If the use of certain personal care products does have signiﬁcant
risks for EA or AEA effects, health outcomes of interest would not
only include age at menarche and benign gynecologic conditions,
but also include menstrual cycle patterns, fertility, and hormonally
mediated cancers. Effects in males are also plausible. Perhaps the
most vulnerable exposure periods would be during infancy and
childhood when natural hormone levels are normally very low. The
Journal of Exposure Science and Environmental Epidemiology (2014), 1 – 7
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Figure 3. (a–i) Dilution–response curves for AEA for each of four Hair or four Skin Product extracts, based on the normalized mean±SD of
three wells on the same plate. (SD is often so small that error bars are hidden by the symbol plotting the mean). Ordinate: normalized AEA
response (%RMICI); Abcissa: extraction dilution. Panels b, c & e show AEA Confirmation Assays for these products having detectable AEA. Filled
downward triangles joined by dotted line: low E2 þ 3SD. Unfilled squares and solid line: AEA concentration–response curve for extracts plus
low E2. Filled squares and solid line: concentration–response curve for extract plus high E2 to confirm that anti-estrogenic activity of the
extract is reversed by adding a higher concentration of E2. T: concentrations exhibiting cytotoxicity by visual observations.

estrogenic effects of parabens alone are estimated to exceed
normal endogenous EA in prepubertal girls.53 Thus, national data
showing that black children have ﬁve times the urinary paraben
levels seen in white children is of special concern.16
We wish to emphasize that this paper describes the use of a
sensitive and accurate in vitro assay to perform a hazard analysis for
chemicals having EA or AEA in eight personal care products, rather
than a risk analysis. Given the many variables brieﬂy discussed
above, such as multiple potential sources to absorb or ingest
substances with EA, multiple routes of excretion or metabolism,
unknown synergistic or antagonistic interactions, short- versus longterm exposures to various levels of substances with EA, varying
sensitivity to EA or AEA of different ethnic groups or developmental
stages, etc., it is premature to conduct a risk analysis based on these
results alone. However, we believe that studies like ours and recent
efforts to develop methods to assess product use54,55 and evaluate
biomarker associations with product use56,57 will facilitate the much
needed research into effects on health outcomes.
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