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Toxicity and Endocrine Disrupting Effect of Parabens
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Abstract — Parabens are alkyl esters of p-hydroxybenzoic acid, which are widely used in foods,
cosmetics, and pharmaceutic products as preservatives. Absorbed parabens are metabolized fastly
and excreted. Actually human body is exposed to complex mixture of parabens. Safety assessment
at various toxicological end points revealed parabens have a little acute, subacute and chronic
toxicities. Some reports have argued that as parabens have estrogenic activity, they are associated
with the incidence of breast cancer through dermal absorption by cosmetics. There is an inference
that antiandrogenic activity of parabens may give rise to a lesion of male reproductive system, but
also there is an contrary. At cellular level, parabens may inhibit mitochondrial function of sperms
and androgen production in testis, but also there is an contrary. Parabens seem to have little or no
toxicity in embryonic development. Parabens can cause hemolysis, membrane permeability change
in mitochondria and apoptosis, suggesting cellular toxicity of parabens. Parabens evoked endocrine
disruption in several fish species and have toxic effect on small invertebrates and microbes. There-
fore, the toxicity of parabens should be considered as a potentially toxic chemical in the freshwater
environment. In conclusion, though parabens may be considered as a low toxic chemical, more
definite data are required concerning the endocrine disrupting effect of parabens on human body
and aquatic animals according to route and term of exposure as well as the residual concentration
of parabens.
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Eo] o]Foix widzehile I RAFuES, vy ==
Il o] A AA, HEA, ANAAFE 5 -
1 7% 9]} (Sado 1973; CTFA 1980c). sjebule] oAl
o Fa|A= stehille] dAERAALS JIX R FAAFE
AHS-E B3 Fepilat fuakekake] A o] A AIE NS
(Darbre ef al. 2002). S}epule] Spet=a A ws 57
AAA ] 7158 Wallsle Aoz e (Oishi 2001).
=3t stz wEd geple] AeAE v =g 3
A= WAl ko] disiM = =27F Ha gl
(Paxeus 1996; Alslev et al. 2005). A&, oFE, 3 AZS &
g stehil R xFe] HA FUtE A7|stge| ot
Atgrg B oz wek 9l A Ao gt 1 $js|Ad ot
Atz7F 75 Qloh & AdeAME HI7MA] Had
gieiyle] Ao w3 A8 E wigtoz siEhlFe] ¢
3| Aol sl Akl

nhatio| sfeta s

shepil 7 (9, o, T2, 2, W, WA stebil) e
p-3lo] ==A] Hll ZAl (p-hydroxybenzoic acid)2] ol 2~
Hl=oln (Fig. 1), o2 Aa3E s e g,
sz gstehilolc Al e Fe SroAE Fgeld
o Agetgel mutdos vehbid, ol 2d =g
o Aot Aol AT AFBRS Z740T 84
2 7} 431t} (Sabalitschka and Neufeld-Crzelliter 1954;
Harvey and Darbre 2004; Darbre and Harvey 2008; Tavares
et al. 2000). 53 ele] sepile e wAAY
Bah Foje] A4 ez A9 Aede ¥
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Fig. 1. The chemical structure of p-hydroxybenzoic acid (parabens,
C7H603). R, an alkyl group.

Table 1. Physicochemical properties of parabens

& bEv) 2AeIA dmEel 3 pshol =

Aro] o AdH| = 3}el| 98] =A)| ¥} (Soni et al. 2005; Tera-
saki et al. 2009) (Table 1).

gepll> BEA|, uie 243 22 sPEex e
o] 5w, o] gw WAHA hon] Astsh Behe
QorlA shom, w4e) MmA W wYe] 4L
st = $ages I AR 487108 39
718, 04 3 Aol Yl o] 4Het bl p
45~75 Aol TEANE 43 e Qb
zt=t} (Maddox 1982). 3}AFE6 714 wo] AFR-FH=
o vY, z2d geplen 58 o5 EatEel 4
da] o] 8%t} (Jackson 1992). 31A4F6 4] W E, o, =
232, 38 WAse o) Tgoine] g 22,
AE2] 77%7} 0.01~0.87%2] depilL a3t 9l
o} (Rastogi et al. 1995). ¢FFol| M= ] o] L= u}z}
4l F Zegstepilo] 44 wabeel FHuAEel sh
2 od=A ol gehile ek, nhEAlL ok A, F
Abel, I doF 5o HEAEA dE o] gdnt. skl
dEom ARgsle ZHn o S Biele] AR
ke 7ol o &Y I A EE gk 1%
JR] ok=t} (Orth 1980).
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gepl> Aol F5EHe] p-dlo]=FA] WlzAlo R
A= =] w27 HH”FJJ_ A FAe] =HA ghe} gt
Ast o=z d#jx )t} (Okamoto et al. 2008). F, E7],
N, 31oFo], Ab& ﬂl"”i g A7ZA v syl
zZzAvlayle ATl A 5101 Zh S B3l
p-3o| =FA] MlzAL, Felelal, 73 &, p-3tol =5
Al Wl zAr 3Ald oz A=) sk =z A3}zl 9
T frEoladH 2R o zvﬂ o2 §7HeA
¥t} (Matthews et al. 1956; Soni et al. 2001). E7] 4|
A wd gl e] Ak AgAT 39%E p-sho] =54]
Hlzakez ymA= Feho]al (15%), 257324k (ester
7%, ether 15%), p-ato] =2A] wlzALe] 2Aked (10%)2.
2 mAdsg e, AR w5 B 2447k gtell 86%

i‘ E’n

Parabens CAS no. Molecular weight (Da) Melting point (°C) Boiling point (°C) Log P!
Methyl 99-76-3 152.16 131 270~280 1.33
Ethyl 120-47-8 166.18 116~118 297~298 1.81
Propyl 94-13-3 180.21 96~98 - 2.34
Butyl 94-26-8 194.23 68 ~69 - 2.86

'Logarithms of n-octanol-water partition coefficient.
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7} A A = ¢l o} (Tsukamoto and Terada 1964). A}&H2]
Caco-2 M| 25 o] g-3te] gehil i 7hEafioll At st
<9 ads WA A3 sehlg p-dlol=FA
Hozel Arrde dgg swdl o) A 2
48]t} (Lakeram et al. 2006).

E]’E]'ﬁ_’?: 731;;1,1:1]7:1 9] wu}
okttt (Soni et al. 2001). w2}
-/] Zolol| uku|H| g o=
o

PR Azt Aef A7) elek AFERAIA by
o) o]g-2 EI) FUksl Advdl S oRF, AW

o
, 208, A HAE, AY FE2, AT &
, BEFAIE 5ol o]45Hw FAO/WHO
4 93N o, WY Y zew
el o] JAHH FHE 10mgkg ' FA o= HS
YelA] 3] 83}l3r glet. The European Community Direc-
tive (ECD)% A2 0~10mg kg 1742 3] 4-5)3
3 Qee] AAHH S 106me ke lole s}
Wle FAE 1%71A] 2 =7} 3]4£F =9 ECD:
S0 & Frel Sehdl Ao HEBEE 0.4%
(wiw), F HNs=E 0.8% (wiw)Z 3833 glot. 18
v sbehllF ARgRl=TE Fobskar A8 zbe] A7) 3k
of wpel o]& ARE-S] HAAEAZE AAEHI Sl Az
JAES FEpillFo] AH-E Fol 34 o] (Darbre er
al. 2004). FE54 o|dsele] FASA LD 7
o= AQF 8,000mg kg!, 7]UF 2,000~2,400mg kg1,
©7] 5000 mg kg, 7} 500 mg ke o] 3, v = s} o)
T7AEAE4-E N 2gke™!, 7] 3gkg!, P =2] LD50
2 500mg kg™ o]A}o]t} (Applied Research Laboratories
1939) AF A gehillFol Arbs=el aFgel o
L7157, FFAAA 715 A3}, Aol BaEgle
W, 4716 % o] 400me ke ¢ TeAspE F
Q15 shei el shl ke ke sdet. AF) st
7 Z=zgAsieidl S 22 80mg kg!, 50mg kg !2]
=2 A F4) A vplE ek, 1~1400mg kg
& o guze) A ARA YA FAe AG
2bo] AF=3l9] oF (Matthews et al. 1956). et 3417
Ash AEAAAG] e sebie] gl Qe Ao
AtaE o Invitro A7l 4 stehdl > Abgte] feteAd g
9 o] AN QS 24 Zieh (Hamilton er al

[og
O

1990). o] $h= <o) shehile] Abgtt o] SA4e] ¢l
= 7743 = ¢)t} (Pugazhendhi et al. 2007).

sfepilel FRAR) BE ol EAT BARA
24 ge Aew deteh ofgAl ATl e
PolA 02% zzBsehl, 0.1% Festehl s 57
7 Aol A2l A Hol 24 slol A=A A%
2ok Waletd ol gz} fAslw, Qs
A% A RANA wlEl W3 HRE A (Sado
1973). 0.2%°] we3 ==z guleyl S s34 0, 40,
200mg kg2 1Y 7 F7AE Alo]= Fo)shatx) )
AN EANA AL Wl ele B 2o e
919k (Oishi 2002b). o] AX-d}elllS- 0%, 0.6%, 1.25%,
2.5%, 5%, 10%=2 AF | 6577+ sl W 5%}
10% Fo] A] 23F4be]] 2% ARl o) 1.25%, 2.5% <
2 A Fe] 10% FAF o, 0.6%LANME AZF Z7hd
W37 (e (Inai er al. 1985). BHA3SAdell w3k A=
ol7] el Wizt ZzdvlepilS d4d 0.5, 1.0gke™!
2 197 157 63] £t A3} slepil ojd S48
= HolA] gk 67 A7) =AY AHE BE
AAeldeh w3tk Y=o wdaehil S 0,2, 8%% 96F
ZF ARRE B3 R s W A Fe] AM3F S
ow, o]yf NOAELZ#S dd 55gkg'zs FAHFA
o} (Mat-thews et al. 1956). F oA Z2Z3} o & ul=idl
< 60:4002 FFsle] FoiF A3 dd 0.014gke!
2 203 4Lz AFE A=s) 0.14 == 1.4gkg!
2 18MLzE AFE oA WeEH Wiy 3aER
Ao, 1.4g kgt B AFe] FHAadA
o} (Elder 1984).
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2l ot o ~ERAN gA e} A o AEZ AN
o8 2AEE AL JFS A3 o AERZA
o) Azl AL A in vivooll A A Al
| A~E 2 AAS Bt} (Soto et al. 1995; Andersen et al.
1999; Blair et al. 2000). c}ef3t 74 Mul-S E35lo] ule}
0ol ARERA B AR Ak Skl
]-o} ul—/qu /\g}xl 7:“011 ho] zq;d el o:hﬂ:" 1% 3]_0:1 ‘ﬂiﬂ

4
and },N

] Q& slet= BarEo] glt} (McGrath 2003). In vitro Y
invivo Ao A wd, o, 229 Resehyl 2F o

fE2d B4 26 Aoz ek, AL
B 2viehle] ol27171x 44 Ao Aol 27
o wet dliEzAl FHE FA 5 G, e, =
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Table 2. Summary the oestrogenic and antiandrogenic activity of parabens in vivo

Parabens Endocrine activity Results in vivo References
Methylparaben E — (mouse, rat uterotrophic) Routledge et al. 1998
Hossaini et al. 2000
— (rat dietary repeat dose reproductive toxicity) Oishi 2004
+ (mouse, rat uterotrophic) Lemini et al. 2003
AA — (rat dietary repeat dose male reproductive toxicity) Oishi et al. 2004
— (rat male reproductive toxicity) Hoberman et al. 2008
Ethylparaben E — (mouse, rat uterotrophic) Hossaini et al. 2000
— (rat dietary repeat dose reproductive toxicity) Oishi 2004
— (rat development) Taxvig et al. 2008
+ (mouse, rat uterotrophic) Lemini et al. 2003
AA — (rat dietary repeat dose male reproductive toxicity) Oishi 2004
— (rat male reproductive toxicity) Taxvig et al. 2008
n-Propylparaben E — (mouse, rat uterotrophic) Hossaini et al. 2000
— (rat dietary repeat dose reproductive toxicity) Oishi 2002a
— (mouse reproductive toxicity) Shaw et al. 2009
+ (mouse, rat uterotrophic) Lemini et al. 2003
+ (rainbow trout) Pedersen et al. 2000
Bjerregaard et al. 2003
+ (male medaka fish) Inuie et al. 2003
+ (zebrafish) Mikula et al. 2006
— (rat teratogenicity) Daston 2004
Harvey 2005
AA + (rat dietary repeat dose male reproductive toxicity) Oishi 2002a
Isopropylparaben E + (rat uterotrophic) Vo et al. 2009
n-Butylparaben E — (rat development) Taxvig et al. 2008
— (mouse uterotrophic & reproductive toxicity) Shaw et al. 2009
+ (rat uterotrophic) Routledge et al. 1998
Hossaini et al. 2000
Vo et al. 2009
+ (rat dietary repeat dose reproductive toxicity) Oishi 2001
+ (mouse dietary repeat dose reproductive toxicity) Oishi 2002b
+ (rat development and reproductive toxicity) Kang et al. 2002
+ (mouse, rat uterotrophic) Lemini ef al. 2003
+ (rainbow trout) Pedersen et al. 2000
Alslve et al. 2005
AA — (human reproductive hormone) Janjua et al. 2007
— (rat male reproductive toxicity) Fisher et al. 1999
Hoberman et al. 2008
+ (rat dietary repeat dose male reproductive toxicity) Taxvig et al. 2008
Oishi et al. 2001
Isobutylparaben E + (mouse uterotrophic) Darbre et al. 2002
+ (rat uterotrophic) Koda et al. 2005
Kawaquchi et al. 2009
Vo et al. 2009
Benzylparaben E + (mouse uterotrophic) Darbre et al. 2003
p-hydroxybenzoic acid E + (mouse uterotrophic) Lemini et al. 1997

— (rat uterotrophic)
+ (mouse uterotrophic)

Lemini et al. 2003
Lemini et al. 2003

E, estrogenic activity: AA, antiandrogenic activity; —, negative effect; +, positive effect.

Adapted and revised from Dabre and Harvey (2008).
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yelsieplng 60MAE dazed F4e Wk
o} (Pedersen et al. 2000). o] AR vlepul-2 7+ Zo]e
WA 2 sl o 2EA B4ol
okc} (Darbre et al. 2002). Rl sl A1 7])o] =i
o wz® ANF dhelA diEsA 48

(estrogen receptor beta, ERB) o] WS feojH o
AlFom, 7M7) 8] Balel| A S| 2EHE o] 5
3= StAR<} Bzrp2] “‘—._1'5,4_—,% 7Y 4 A F o} ==3F T-Screen
assay 27}, Hel g}zl o] GH2 cell& ZAA 7=, 1A
Az =22 $849 &5 (agonist) o2 2831E= 7o
2 F=3v} Adrenal H295R steroidogenesis assayol] A=
el ZEALAE WAE S, b
pelsiepe gelselge) oERselel 42 bl
ale], AH| R o] =34 & Xﬂf‘ﬂ%’*—i&ﬂ W En) A el
2 285l= o= /\]—E_E]D]-(Taxvig et al. 2008). 5-1}9
A zFe] gl s =247 F fA42 Hde =
Azt g fAze] o] 17p-o| AE e o wEA
7 A9ohe ohE e ngeh ol sfebile] o 2x

[e3

2

R SRy N

Fu
NN

~
>
= ol

A& 7M7) AR 1TB-el ~Ete] g o3
=He fAz ddFEeE g2de AL AR
(Pugazhendhi et al. 2007). f-H}3 % o}kl 2qle )3
W E) x| a), ore] wba)wl AR}

Qe i), Aohas AAnnAAoR 9 Ao
WE T Asolel ALgSks SHERE L
Ay Apolel BAA] BmE e 1 o
2 RS 2 AR WAL
58 9Rel Agelen A4iEE Be Aoz e
%ok (McGrath 2003). glepill o] w2 &3 ool
g zahn] oA o] w2LrE VAT Aoz ekt
o ol AF WATe e 5
33mgo 2 I|3lFd A 2bgH| kg2 Bl A F ¢l A
el & A2 T A= A xEzA
of oF AgAeMEe] Aot AgFAL] FIE B
2= o} (Lemini et al. 1997; Darbre et al. 2003). =A<
7o Slold ATFFelE BT sfehile) dlrszAl &
e tehtA] g Aew wel} 33w FaHe
gehgle] =22 drEZA &3E 2zt Aoz Ho
o shehil e Felde, 24, AHHe g, Frade)
o 24, e whet Foldoz Agshe Hez A4
= 21} (Harvey 2003; Harvey and Everett 2004). &3] =}
zhil 2 I ReA] Ao E A A (sulfotransferase) 2F
& JAste] orE2A FAstE JAFozH
A AzEzA] Y& A&AZ S ek debd she
Wel W AL 3 elA Sl A A EaE A4
Z 4= 9)u} (Prusakiewicz et al. 2007). ¢] &= uigl =

[

—_

RN
—

o

20~74A412] A& HAtoe=w 813"§°] 31zpe} 7939 2]
2ol A WA, shehill S F5-3 EEhEA A 9] AR
I Fabeke] #HAAE =AM 7,—1] ke g B
o) glgel Wmsgleh W% WS Bt Gk
THE THIA AUAIRE o] Ay} sheple] kA el
FH3le] dutx oz AL E 3 glv} (Mirick et al. 2002).
%HJ%]'H]EE"H A3t steplRo] o aE2Al BAe] 9o
A Aol $uleA|E ZR-75-19F MCF79] =212 in
vitro®} in vivod| A o] ARE T Q] o AERA FHA] e
oal Z7hHH 105M9) e8] o) aydsiehile 10
M 17p-d| ~Erte &3 22 a3s By gy o
yEsiehle] s 2 Ao eahe e 25
e ZF7H71% He=z ®elth(Okubo et al. 2001;
Darbre et al. 2002). AF5+2] fHISI 22| A IlehlF =,
S|l step, o sk, -z dstehl, oy shepd
o|anElgteple] AES B akedch (Beral 2003).

< 7R 3, é:ﬁ a‘n_ :ﬂ ZHA dAA 2 283 PA =
d TENA dehile] A2 A
B Rl ] ‘H‘J AT7AEE wWel sl Abgte] A
A} A ol A %/‘é EIMI “H g Aae BA g3 53] A4
Sis x}g‘—;— =gt N =A)
ol A= —‘?’——‘?—4 15%7 } 42 AP Hed olE
= 50%= FA AR 549 7115\_ RAR}4=0] 2}AT}
delez Jepdo glehyle Ao wjEZ =z ol A
A AT A 447)5E Wesine sebl
Apge) el Ams ook A v mEee ol
Yat Bge e, o anduteiilo] X2 o|ixzy
sfehilnet 78 542 S ole, Welsiehl, p-at
o =FA WzAle] wzdsiehinct S} e
7 o2 W% 9ch(Tavares ef al. 2009). 2] Fol| A e}
U RIS dsnetE e A
Aoz ByFg o} olg AMIE AT g} Ao
£ 5o wesepIe AT el Fupst 48 e
minal vesicles) %47} 724 F 1 Wealez rels}
2hle] A F = 33t v]H (caudal epididymals)e] A=}
Fo] Fo1H4 FaE fEden gl aFEe] 45

2 ¥ "H2AEAHE e 2H489Ioh(Oishi 2001).
In vivooll /] =23, Belglelyl2 EC (European Com-
munity)®] ADI (acceptable daily intake)oll Z<38F &
AR Ash QAN H2E2HE F23 A 5
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3} 2 vbeldot (Oishi 2002a, b). 47
o A% wzﬂoﬂ Hoted w2 QAT VY
@ oz 33 s il $ag ek ol
t} (Sharpe and Skakkeback 1993). {418t =& oedv}e}
A3 wesepe] w2 A7 A5 wAle) B B
vl e oz A el 4] sl o] 7&351 St He el
131’-?'5}‘34 odgeile] Fo] A3 U 53]
< F3FAREE om|F 9 ofgellA AR ® 2
dgieiwlzt Hedsiele] HEE =, ol
FEFE BARGE & 5 glon, webi 2A)
WA Hotel] s & 4 S Aoz F
o} (Frederiksen et al. 2008). F oA Iatalle] =%
A A et AT A= AAF pob 542 7
2 A BEPHA FeFo] FHAsadrh (Kang er
al. 2002). Y417] Fedslepl =& A AE AbARe] B
I o]f7] AEE A7, 13 A, A=A, A=
5 AR A HAA Q] S mAE Aoz e
o} (Dhooge et al. 2006). 2~H| & o] =&A] o] o] 3t
ehilz westepile] xarh Aol wAwE 5 2AL
A} ol shehile HlAEsHE A4, ARAA) 2
e 2ge] zaged o
& BAAE sherert HEse Hol i
ERB mRNA®] 214 ZH4as iaﬁg}‘ﬁi, F-Alel A
Ozl = gel Wojak iz Wzl bl (ben-
zodiazepine) =872 Al 7AE z#H st} o
g Rdgehl > nEZ otz FH AHE ’\é“—%
AR} 2elzol= S WS dow AR
o} (Taxvig et al. 2008). A 2] 4 A 7oA 214
w100, 200, 400 mg kg~'2 sjehil & ¥)atFod gt
M7 7hxAS FAT A= 4118193 o (Frederiksen
et al. 2008). - gzl o] 3|3}Fe 3t F w453k F e}
AF, 225 FaBA g AF 2 invivosl A A7 2
Z7}2 HB.9dt}h(Soni et al. 2005). o]¢} uite] AFAz}=
AR FFF 2~18d F3F FEIEHlE 2mg kg9
fros F9e u AAZAAN B2 4 9le 29
2 ASA P3km Oishis] A= AR =
quA Wste] zZzaAsieh Aele FD By g
1} (Fisher et al. 1999; Oishi 2002a). 77 o] == 5}z}
¥l = BeglailS 8571 0, 100, 1,000, 10,000 ppme]
oBon 3ne A AAIE FA, A L34, %
2 dd AP A 5= (daily sperm production.
DSPl #2171l s} sisim Selsteh A2lAle)
% zeEaze) Wil dolubx Qgkeh mebd o
Eleblel o1& shepilel w2 Bt ATRee] g
aA7)E Aoz Al= ¥t} (Hoberman

o

lo

o el

B l‘ﬂ e kB oof —|~
rki e N rﬁ

7 (anogenital distance) s

b X

S r

N,

in vivo SA&

et al. 2008). 4 AF o} # (4] 6~109), F=H (4

6~10), E7] (44 6~18)o] =zl e 7z
550 mg kg!, 3,000 mg kg™! O]/‘]'Oi 1097 EA3&
W AZAYT PoldEel A FA okeka, 7]
& skl gob LTS w2 B
7o 2 B 31% 9ot (FDRL 1972). v €l hebul & a2 o
Z7Z vl A (cryoprotective medium)2] w| Y E2H9E 74
A7171 $13 BEA R AR, A e 3

A2A7)1E Aoz B 1E ¢ Y (Glander et al. 1984). AMgH
oA e, e, =2, Relsiepill- in virroo| Al EH<l
< Zte Aoz HiuFglow, Felgtehl > A2}
acrosin FA1-& A5ty AR} Al Zzwr|sg &AM
HaEe] I|YAR AHS 7ol A H A} (Song et
al. 1989; 1991). s}ehull o] A2 ZA]ol] df3h AlgddA+ 4
5L By o8 Aguye o3 A 9 A$
ofet 2 Aol oM = o2 A7}t By
el A7 Al v shehle] of gkl Wisk A
z2F3tel A F o B2 54 S ditew
B Elojof & Aoz Atm ¥y =3 AMgelA A%

spEhill o] A717e] el mE A g8 Aol
gt A7 wl$ RS Az 35 dyvt et

R Rl

ok

LY

ghehil> A I 3ol FFARE o 2| 2tolAof £
o Fpeasl R Aoz Ee) AgrIzte] 27
k3 glord, el 7+ A4l Aelw ol & glem
2 Shels) SRS el Ak
o e sl & goft Az e 53 Rz 73
2 oulmd Bgel Gk des Weped dws UV
o g Bl dAAE A o] oA}
9) T} (Ishidate and Yoshikawa 1980; Soni et al. 2002). 55
%3 4779 9ol ol o) DNA £47 w2l
ghale] osks AR A3} p-3fe] =5A] Wl 2AH(PHBA)
3 3-stol=2A] ujstebil (MP-30H)e] 7Z53ich
MP-30H-2- invitroo| A 5218 DNA €48 do7|nz
dFzAbel 739 o xEfehd] Z23E B3l wdslehl
o] Wbehzhg-S I IREA T el AAHNH
(Okamoto et al. 2009). =3t weslzhil e UVe| 2|3
keratinocyte®] £AFS Z7}A]7)=4|, v v}etdl o] NFkB
o} 72 HAelES F7HAIA Ml ZAPE (apoptosis) S
orlv weas At Aoz FEH: 3

o} (Handa et al. 2006). &3} in vitrod| A el 2] 7



Toxicity and Endocrine Disruption by Parabens 329

Table 3. Summary of the cell toxicity of parabens in vitro
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Cell toxicity in vitro

References

Methyl, ethyl, propyl
Propyl HeLa cell
Methyl, propyl

Methyl, propyl
Propyl Rat trachea
Methyl, ethyl, propyl, butyl

Methyl, ethyl, p-hydroxybenzoic acid

< propyl, isopropyl <butyl, isobutyl, propyl

Rat hepatocyte

Mouse embryonic fibroblast

Ciliary activity of ferret tracheal ring epithelial cell
Methyl DNA and RNA synthesis in E. coli and B. subtilis
Ciliary beat frequency of pig nasal cell

Lysosomal enzymes of human peripheral lymphocytes

Fitak and Krauze 1969

Sheu et al. 1975

Manawadu et al. 1979

Nes and Eklund 1983

Batts et al. 1990

Jian and Li 1993a,b

Bairati et al. 1994

Nakagawa and Moldeus 1998
Nakagawa and Moore 1999
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