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A B S T R A C T

Oxy​ben​zone is a ul​tra​vi​o​let (UV) ab​sorber used in 70% of sun​screen prod​ucts, is a rec​og​nized en​docrine
dis​rupt​ing chem​i​cal (EDC) and is small enough to pass through skin and pla​centa bar​ri​ers. Nu​mer​ous stud​‐
ies have iden​ti​fied this chem​i​cal in the urine/​blood of preg​nant women as well as in fe​tal and um​bil​i​cal
cord blood. A re​cent study demon​strated that women with medium to high lev​els of oxy​ben​zone in their
urine was as​so​ci​ated with giv​ing birth to neonates with Hirschsprung’s Dis​ease (HSCR). Test​ing in hu​man
cell lines con​firmed that low lev​els of oxy​ben​zone has the po​ten​tial to dis​rupt cell mi​gra​tion and func​tion
in a man​ner sim​i​lar to what is as​so​ci​ated with HSCR. Analy​sis of hu​man ex​po​sure lev​els to oxy​ben​zone
from sun​screen use, un​der nor​mal con​di​tions, demon​strates that enough chem​i​cal can cross into the
mother’s blood mak​ing it avail​able to the fe​tus at high enough lev​els that can in​deed in​hibit mi​gra​tion of
neural crest cells dur​ing crit​i​cal em​bry​onic de​vel​op​ment.

1. Short communication

Oxy​ben​zone (also know as ben​zophe​none-3) is a chem​i​cal ul​tra​vi​‐
o​let (UV) ab​sorber com​monly used at 6% in sun​screen and anti-ag​ing
skin​care prod​ucts. The Cen​ter for Dis​ease Con​trol stud​ied 2517 par​‐
tic​i​pants aged 6 years and older and found 15 ppb–3 ppm in the
urine of 96.8% of the pop​u​la​tion stud​ied mak​ing this chem​i​cal one
of the most com​monly found sub​stance in the hu​man body [1].
Hirschsprung’s dis​ease (HSCR) is a neona​tal in​testi​nal ab​nor​mal​ity
that is de​rived from a fail​ure of en​teric neural crest cells mi​gra​tion
dur​ing em​bryo​ge​n​e​sis from 5 to 12 weeks. De​pend​ing on global lo​ca​‐
tion, the in​ci​dence of HSCR varies from 1:2000 to 1:5000 with a 4-
fold in​crease oc​cur​ring in males over fe​males. The knowl​edge of en​‐
vi​ron​men​tal fac​tors con​tribut​ing to HSCR is still quite lim​ited and
this in​for​ma​tion is the first known as​so​ci​at​ing the dis​ease to oxy​ben​‐
zone ex​po​sure [2]. Re​gard​less, other stud​ies mak​ing oxy​ben​zone sus​‐
pect re​late it to be​ing an en​docrine dis​rupt​ing chem​i​cal [3–5] com​‐
monly de​tected in breast milk [6,7] with pre​na​tal ex​po​sure re​duc​ing
preg​nancy du​ra​tion [8] and sub​op​ti​mal fe​tal growth [9–11]. Oxy​‐
ben​zone also causes apop​to​sis of neu​ronal cells in​hibit​ing au​tophagy
and dis​rup​tion their epi​ge​netic sta​tus [12–14].

Huo et al. [2], in​ves​ti​gated the lev​els of oxy​ben​zone in urine and
the in​ci​dence of HSCR in 423 Chi​nese pa​tients. All pa​tients were​

tested for oxy​ben​zone via a spot urine test and then di​vided into
groups based on the pres​ence of HSCR. Group 1 con​sist​ing of 101
neonates di​ag​nosed with HSCR that pre​sented with in​testi​nal ob​‐
struc​tion and chronic con​sti​pa​tion that were di​ag​nosed by bar​ium
en​ema and anorec​tal manom​e​try prior to surgery and were con​‐
firmed with patho​log​i​cal analy​sis af​ter surgery, Group 2 con​sisted of
a non-HSCR sur​gi​cal con​trol made up of 103 in​fants re​quir​ing
surgery for in​tus​sus​cep​tion or in​car​cer​ated/​stran​gu​lated in​guinal
her​nia with​out is​chemia or necro​sis and Group 3 was a non-HSCR
and non-sur​gi​cal con​trol con​sist​ing of 219 neonates. Sub​ject de​mo​‐
graph​ics were equally matched within the pop​u​la​tion (age, weight,
ed​u​ca​tion) and be​hav​iors (smok​ing, drink​ing). Based on the data ob​‐
tained there was a pos​i​tive as​so​ci​a​tion be​tween women iden​ti​fied
with medium to high lev​els (max​i​mum de​tec​tion level of
400.72 ppb) of oxy​ben​zone in urine and the in​ci​dence of HSCR.

Con​cur​rently, in vitro stud​ies were con​ducted in 293T and SH-
SY5Y cells lines, which are widely used in HSCR re​search be​cause
they mir​ror ab​nor​mal mi​gra​tion in​volved in the dis​ease path​way.
They ob​served a con​sis​tent sta​tis​ti​cally sig​nif​i​cant ex​pres​sion of sev​‐
eral re​cep​tors/​genes af​ter oxy​ben​zone ex​po​sure rang​ing from 0.1 μM
(22.8 ppb) to 100 μM (22,800 ppb) con​cen​tra​tions (Table 1). The
vari​abil​ity be​tween the two cell lines to re​act to the same con​cen​tra​‐
tions of oxy​ben​zone maybe as​so​ci​ated with their sen​si​tiv​ity to the
chem​i​cal un​der the con​di​tions of the tests. Re​gard​less, ma​ter​nal con

Corresponding author.
Email address: jmjdinardo@​aol.​com (J.C. DiNnardo)

https://doi.org/10.​1016/​j.​reprotox.​2019.​02.​014
Received 18 October 2018; Received in revised form 16 February 2019; Accepted 28 February 2019
Available online xxx
0890-6238/ © 2019.

a, ⁎ b

a 

b 

⁎



U
N

C
O

R
R

E
C

T
E

D
 P

R
O

O
F

J.C. DiNnardo, C.A. Downs Reproductive Toxicology xxx (xxxx) xxx-xxx

Table 1
Low​est Ob​servable Ad​verse Ef​fect Level (LOAEL) of Oxy​ben​zone Tested Yield​ing Sig​‐
nif​i​cance.

Parameter LOAEL Statistical Significance

 293T Cells
SH-SY5Y
Cells

293T
Cells

SH-SY5Y
Cells

Decrease of
RET

0.1 μM (22.8 ppb) 0.1 μM
(22.8 ppb)

P < 0.05 P < 0.05

Decrease of
PLAG1

0.1 μM (22.8 ppb) 1 μM
(228 ppb)

P < 0.05 P < 0.05

Increase in
miR-218
expression

100 μM (22,800 ppb) 1 μM
(228 ppb)

P < 0.01 P < 0.01

Increase of
SLIT2

100 μM (22,800 ppb) 10 μM
(2280 ppb)

P < 0.05 P < 0.001

Increase of
ROBO1

10 μM (2280 ppb) 100 μM
(22,800 ppb)

P < 0.05 P < 0.01

cen​tra​tions of oxy​ben​zone re​mained con​sis​tent de​lin​eat​ing the risk
prob​a​bil​ity to the off​spring. The neg​a​tive con​trol, 0.1% Di​methyl
Sul​fox​ide, was not added to the table since no ob​serv​able tox​i​c​ity
was noted. They con​cluded that ma​ter​nal oxy​ben​zone ex​po​sure was
as​so​ci​ated with off​spring’s HSCR in the pop​u​la​tion study as well as
based on the im​pact ob​served in sev​eral re​cep​tors/​genes for the cell
lines tested demon​strat​ing that oxy​ben​zone con​tributed to the
pathopoiesis of HSCR via reg​u​lat​ing genes sig​nal trans​duction (Fig.
1).

Un​der​stand​ing the var​i​ous in vitro im​pacts that oxy​ben​zone has
on cells and iden​ti​fy​ing it in the urine of preg​nant women is im​por​‐
tant, how​ever, in or​der for oxy​ben​zone to ex​ert a neu​ro​toxic ef​fect
(HSCR) on a fe​tus, it has to be able to pass into the mother’s blood,
through the um​bil​i​cal cord and into the de​vel​op​ing off​spring. With
that said, oxy​ben​zone has a mol​e​c​u​lar weight of ap​prox​i​mately
228 g/​Mol which is small enough for the chem​i​cal to pass through
hu​man skin [15] and pla​centa [16] bar​ri​ers. Jan​jua et al. [17], con​‐
ducted a sin​gle-blinded study in 32 healthy vol​un​teers, 15 young
males and 17 post​menopausal fe​males, who ap​plied a sun​screen with
oxy​ben​zone daily to their whole-body for 2 weeks us​ing the 2 mg/​
cm  dose rec​om​mended by the Food and Drug Ad​min​is​tra​tion (FDA)
and ob​served a max​i​mum plasma con​cen​tra​tions of 200 ppb in post​‐
menopausal fe​males and 300 ppb in young men.

Zhang et al. [18], stud​ied oxy​ben​zone and one of its metabo​lites
4-hy​drox​y​ben​zonephenone (4-HBP) in ma​ter​nal blood (1 h be​fore
de​liv​ery) with fe​tal cord blood (taken at time of de​liv​ery) in 20 sub

Fig. 1. Pathopoiesis of HSCR by Oxy​ben​zone.

jects. 4-HBP was found in all matched fe​tal cord blood and ma​ter​nal
blood sam​ples, at con​cen​tra​tions rang​ing from 0.26 to 0.51 ppb in
cord blood, and from 0.32 to 1.78 ppb in ma​ter​nal blood. Oxy​ben​‐
zone was found in 12 cord blood sam​ples (range: 0.55–2.55 ppb) and
7 ma​ter​nal blood sam​ples (0.74–2.30 ppb). To​tal of both ben​zophe​‐
nones is 0.81–3.06 ppb fe​tal cord and 1.06–4.08 ppb ma​ter​nal blood
sam​ples or ba​si​cally a 3:4 ra​tio (75%) be​tween fe​tal and ma​ter​nal
blood lev​els. Sim​i​larly, Krause et al. [19], eval​u​ated oxy​ben​zone lev​‐
els in 23 fe​tal cord and ma​ter​nal blood sam​ples and ob​served a 1:10
ra​tio (10%) be​tween fe​tal and ma​ter​nal blood lev​els.

To es​tab​lish a co​gent ar​gu​ment that the ex​po​sure lev​els and risks
of oxy​ben​zone, when used as rec​om​mended are of con​cern the fol​‐
low​ing sum​mary of premises are of​fered:

1) Oxy​ben​zone is con​sid​ered to be an en​docrine dis​rupt​ing chem​i​cal
(EDC).

2) Oxy​ben​zone has a mol​e​c​u​lar weight of ap​prox​i​mately 228 g/​Mol,
small enough to pass through hu​man skin and pla​centa bar​ri​ers.

3) Oxy​ben​zone is com​monly used in sun​screen for​mu​las at 6% and
as much as 8% of the chem​i​cal is ab​sorbed through the skin and
into the body via blood stream, par​tially stored in fat and even​tu​‐
ally ex​creted in urine [20].

4) Stud​ies have de​mon​strated that 200 ppb of oxy​ben​zone can be
found in blood serum when ap​plied top​i​cally at a 2 mg/​cm  FDA
dose or 1 ounce (30 g) of sun​screen for every 2 h of sun ex​po​sure
(av​er​age ex​po​sure 4 h) to avoid skin can​cer.

5) Paired fe​tal cord and ma​ter​nal blood sam​ples range from a 1:10
(10%) to a 3:4 (75%) ra​tio.

Cal​cu​la​tion:

60 g (amount of prod​uct ap​plied/4 h) * 0.06 (6% oxy​ben​zone in
prod​uct) / 75 kg (av​er​age weight women) = 0.048 g/kg or
48 mg/kg or 48 ppm/ex​po​sure.

48 ppm/ex​po​sure * 0.08 (8% oxy​ben​zone ab​sorbed top​i​cally) =
3.84 ppm or 3840 ppb ab​sorbed over 4 h.

Us​ing the ra​tio of fe​tal to ma​ter​nal blood lev​els (10% and 75%)
af​ter just 2 ap​pli​ca​tions over a 4-h pe​riod (1 day’s ex​po​sure) with a
sun​screen con​tain​ing 6% oxy​ben​zone, ex​ceeded the Low​est Ob​serv​‐
able Ad​verse Ef​fect Level (LOAEL) doses in half to three quar​ters of
the pa​ra​me​ters eval​u​ated by Huo (Table 2). Since the em​bry​onic pe​‐
riod of neural crest cell mi​gra​tion as​so​ci​ated with HSCR does not oc​‐
cur un​til weeks 5–12 of preg​nancy, women can un​in​ten​tion​ally ex​po​‐
sure their fe​tus to ex​tremely high lev​els of oxy​ben​zone over time.
This is in stark con​trast to pre​vi​ously be​lieved use lev​els re​quir​ing
34.6–277 years of sun​screen ap​pli​ca​tion be​fore an en​docrine dis​rup​‐
tion ef​fect can be ob​served in hu​mans [21].

In con​clu​sion, there is a di​rect as​so​ci​a​tion of oxy​ben​zone ma​ter​‐
nal ex​po​sure and HSCR in neonates un​der nor​mal con​di​tions of use
of sun​screen prod​ucts. Based on the data pre​sented, it would ap​pear​

Table 2
Com​par​i​son Be​tween Avail​able Ma​ter​nal/​Fe​tal Blood Lev​els and Oxy​ben​zone Use.

Exposure
Maternal
Exposure

10% Fetal
Exposure

75% Fetal
Exposure

After 1 Day 3840 ppb 384 ppb 2,880 ppb
After 1 Week 26,880 ppb 2688 ppb 20,160 ppb
After 5 Weeks 134,400 ppb 13,400 ppb 100,800 ppb
After 12

Weeks
322,600 ppb 32,260 ppb 241,950 ppb

Exposure is based on 4 h of sun exposure/​day with two 1 ounce applications
(60 g) of sunscreen.
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that oxy​ben​zone, a known EDC, should be avoided dur​ing preg​nancy
and/​or in the event con​cep​tion is de​sired. Based on the lack of EDC
data pub​lished on non nano-par​ti​cle size min​eral based sun​screens
(zinc ox​ide and ti​ta​nium diox​ide), it maybe a safer choice for
mother’s that have to pro​tect them​selves from sun ex​po​sure, min​i​‐
miz​ing un​nec​es​sary chem​i​cal ex​po​sure to the de​vel​op​ing em​bryo/​fe​‐
tus, in ad​di​tional to prac​tic​ing sun avoid​ance, us​ing pro​tec​tive cloth​‐
ing/​hats/​sun​glasses and uti​liz​ing over​sized um​brel​las/​ca​banas when
out​side, at pools or on the beach.
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