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a b s t r a c t

Parabens are widely used as preservatives in many foods, cosmetics, toiletries, and pharmaceuticals due
to their relatively low toxicity profile and to a long history of safe use. Parabens are alkyl esters of p-
hydroxybenzoic acid and typically include methylparaben, ethylparaben, propylparaben, butylparaben,
isobutylparaben, isopropylparaben and benzylparaben. These compounds are known to have a null or very
weak estrogenic activity in estrogen receptor assays in vitro. In recent years, an increasing concern has
emerged regarding possible adverse effects of chemicals in food and in cosmetics on human reproduction
eywords:
arabens
itochondria

at testis
nfertility

ale

outcomes. In developed countries about 15% of human couples are affected by infertility, almost half
of these cases attributed to men, through low sperm motility or/and sperm count. It is known that a
significant number of cases of male infertility results from exposure to xenobiotics, and also that testis
mitochondria are particularly affected by drug-induced toxicity. The present review discusses evidence
that parabens may not be as safe as initially thought, and suggests that the interaction between parabens
and mitochondrial function in the testis may be key in explaining the contribution of parabens for a

decrease in reproductive potential.

© 2008 Elsevier Inc. All rights reserved.
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ioning in the process if such molecules pose risks to human health.
Parabens are also designated as esters of p-hydroxybenzoic

cid. The most commonly found parabens are methyl-, ethyl-,
ropyl- and butylparaben (Fig. 1). Parabens are extensively used as
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ntimicrobial preservatives in food, cosmetics and pharmaceutical
roducts due to their broad spectrum of activity, inertness and low
ost. Parabens also congregate several criteria for an ideal preser-
ative: they are stable and effective over an extensive pH range,
ufficiently soluble in water to produce an effective concentration
n aqueous phase, have no perceptible odor or taste, no induction
f discoloration and stability over broad pH and heat ranges [1].
arabens are lipophilic compounds with increasing octanol/water
artition coefficients (expressed as log Kow, Table 1) as the car-
Conflict of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. Introduction—are parabens safe?

The purpose of the present review is to propose that parabens
may be implicated in male infertility and discuss the possible
involvement of mitochondrial dysfunction in this process, ques-
on number of the alkyl chain of parabens increases. Antimicrobial
ctivity of parabens increases with the length of alkyl grouping from
ethyl to n-butyl [2]. Since microbial replication generally occurs

n the water phase of oil/water bases, the amount of paraben dis-

http://www.sciencedirect.com/science/journal/08906238
http://www.elsevier.com/locate/reprotox
mailto:fpeixoto@utad.pt
dx.doi.org/10.1016/j.reprotox.2008.10.002
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ig. 1. Chemical structure of parabens; R = H (p-hydroxybenzoic acid), R = CH3

methylparaben), R = C2H5 (ethylparaben), R = C3H7 (propylparaben), and R = C4H9

butylparaben).

olved in the water phase generally determines the preservative
fficiency; for such reason, in order to increase the ability of the
ystem to withstand microbial contamination, it is common to find
ombinations of two or more paraben homologues within a single
roduct [3].

Parabens are generally considered as safe preservatives, since
hey are rapidly absorbed and metabolized into p-hydroxybenzoic
cid, which is less toxic than the parent compounds, and is there-
ore consumed in large quantities in a daily basis. Because of their
idespread use, the potential toxicity of parabens has been stud-

ed both in vivo and in vitro to assess a variety of toxicological
spects [4]. Although parabens have been used for more than 50
ears and are generally considered as safe, several studies concern-
ng on the safety of parabens have been published [5–10]. Recent
eports indicate that exposure to parabens modulate or disrupt the
ndocrine system and thus may have harmful consequences on
nimal and human health. Some studies have demonstrated that
arabens possess low estrogenic activity [11], and, since the breast

s an endocrine-sensitive organ exposed to a wide range of estro-
enic agents, an association between the use of underarm cosmetics
ontaining parabens, such as deodorants and antiperspirants, and
n increased incidence of breast cancer was made [12,13]. In fact,
study within a population of breast cancer patients showed that

hose who were diagnosed with breast cancer at an earlier age used
ore antiperspirant/deodorant products [14]. Furthermore, there

re other reports on the estrogenic activity of several parabens
n human breast cancer cells [15–18], and in vivo [17,18]. Both
sobutyl- and benzylparaben caused an uterotrophic response in

ice following a subcutaneous injection and a topical administra-
ion, respectively [17,18]. Nevertheless, another study concerning
he relative use of antiperspirant/deodorant products reported no
ifference between a control group and a group of breast cancer
atients [19]. As the breast is exposed to a wide range of estrogenic
hemicals, further rigorous studies are needed to determine the
elevance of parabens in breast cancer.

Additionally, some recent studies have reported adverse repro-
uctive effects of parabens [20–22].

Energy metabolism is the fundamental process supporting all
ell functions and is crucially important in sperm, which are spe-
ialized motile cells that have to move rapidly to encounter and

ertilize the oocyte. To this regard sperm need exceptionally more
TP than any other cell.

Inhibitory effects of parabens on mitochondrial respiratory
apacities have been known since 1998 [23]. Martins et al. [24] have
lso demonstrated that parabens inhibit respiration and depress

able 1
og Kow of parabens.

arabens CAS number Log n-octanol/water partition
coefficient (log Kow)

ethyl 99-76-3 1.66
thyl 120-47-8 2.19
ropyl 94-13-3 2.71
utyl 94-26-8 3.24

arabens octanol/water partition coefficient (Kow) [48].
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itochondrial membrane potential on isolated testis mitochon-
ria in a side chain length- and concentration-dependent manner.

n addition, parabens are potent inducers of the mitochondrial
yclosporin A-sensitive permeability transition in isolated mito-
hondria induced by calcium.

Despite all the controversy in published results, it has been
nequivocally demonstrated that parabens exert a variety of effects
n tissues and cell functions. As result of publications suggest-
ng a link between parabens, breast cancer and testosterone levels,
he Cosmetic Ingredient Review Expert Panel decided to reevaluate
heir safety [25].

. Economic uses of parabens

Parabens are widely used as preservatives to inhibit microbial
rowth and extend shelf life of products in food, pharmaceuticals,
osmetics, sunscreens, skin-care products, conditioners, shampoos,
oaps and deodorants. By far the most prevalent use of parabens
as been in cosmetics. In fact, in 1984 it was estimated that
arabens were used in 13,200 formulations [26] but a more recent
urvey of 215 cosmetic products found that parabens were used
n 99% of leave-on products and 77% of rinse-off cosmetics. The
otal paraben content in paraben-positive cosmetics was found
o be 0.01–0.87% [27]. Methyl- and propylparaben are the most
ommonly used preservatives in cosmetics [8] and the most fre-
uently used preservative system is a combination of methyl-
nd propylparaben [28]. Parabens are allowed in concentrations
f up to 1% in cosmetics. The European Community Directive
llows the use of parabens with a maximum concentration for
ach one of 0.4% (w/w) and total maximum concentration 0.8%
w/w). It is recognized that through cosmetics utilization, the fre-
uency and duration of parabens application is often continuous
nd may extend over a period of years. However, many manufac-
urers are now reducing the use of parabens because of a growing
vidence that parabens are not as safe as previously expected
13,29].

. Environmental aspects

Due to the wide use of parabens, they are continuously released
nto the aquatic media through domestic wastewater, and are
herefore a growing concern in relation to their potential long-
erm effects on wildlife. Despite the weak endocrine disruptor
ctivity shown by butylparaben, estrogenicity has been clearly
emonstrated in a well-established fish test system [30]. Further-
ore, butylparaben tested in juvenile rainbow trout (Oncorhynchus
ykiss) for estrogenic activity was positive, inducing yolk protein

ynthesis (vitellogenin) [30]. Fish are very susceptible to parabens
ue to the lack of nonspecific esterase activity [31]. The thresh-
ld level after oral exposure in this system is in the same range
s the doses reported to affect sperm production in male rodents
20–22]. Information concerning parabens in nature is scarce. In
ischarges from Swedish wastewaters a concentration of approxi-
ately 1 �g paraben per liter (ethyl-, propyl- and benzylparaben)
as found [32]. A study carried out in Portugal has shown that
astewater treatment plants are not prepared to efficiently elimi-
ate parabens and other endocrine disruptors, since it was possible
o detect methyl- ethyl-, propyl- and benzylparaben in sludge and in
astewater collected after treatment [33]. This could represent an

nvironmental problem, given that sludge residues after dehydra-

ion are frequently used in agriculture to fertilize the fields. Canosa
t al. [34] showed ou has shown that parabens react with free chlo-
ine producing several halogenated by-products. Therefore, the use
f parabens in personal care products and daily activities such as
howering and bathing constitute a source of dermal exposition to
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araben chlorinated by-products and no study has yet been carried
ut to evaluate potential health risks of this chlorinated parabens.

. Biochemical and toxicological data of parabens

Animal studies have shown that parabens are rapidly absorbed,
etabolized and excreted. Matthews et al. [35] reported that the

se of the sodium salt of propylparaben is more efficiently absorbed
y the gastrointestinal tract when compared to the free ester. Lak-
ram et al. [36] studied the effects of ethanol on parabens hydrolysis
y using Caco-2 human intestinal cells and concluded that hydrol-
sis of parabens to p-hydroxybenzoic acid is markedly reduced by
thanol concentrations that can occur in the human intestine.

Metabolism of parabens was studied by treating rats with
00 mg of methyl- or propylparaben orally. After oral administra-
ion in rats, parabens are absorbed from the gastrointestinal tract
nd quickly hydrolyzed, to different metabolites, by esterases [37].

Parabens can also be rapidly absorbed by the intact skin [38]
nd hydrolyzed to p-hydroxybenzoic acid and their respective side
hains [39]; however studies addressing percutaneous absorp-
ion of parabens performed in animals and in vitro studies have
hown that butylparaben exhibits low penetration, retention in
he epidermis and/or hydrolysis in the skin [4]. In a study per-
ormed with human skin, it was estimated that butylparaben can
e absorbed in an amount of up to 576 mg after treating the whole
ody skin surface of 1.8 m2 with saturated solution of butylparaben
40]. Maximum fluxes and permeability constants of paraben were

easured from different vehicles representing hydrophilic and
ipophilic phases, and from different types of common commercial
osmetic emulsions, each containing a known quantity of a sin-
le member of the paraben series. The fluxes were shown not to
e significantly dependent on the emulsions characteristics, since
he highest value were always obtained for methylparaben and
ecreased with increasing lipophilic character of the preservative
41]. In pharmaceutical products, cyclodextrins act as drug carriers,
mproving dissolution and enhancing absorption of drugs. Chan et
l. [42] studied the interaction of parabens with �-cyclodextrin and
he results showed methylparaben with the higher extent of inter-
ction, concluding that the extent of interaction was influenced by
he hydrophobicity and steric energy of the parabens.

In a series of studies performed with parabens it was suggested
hat parabens could induce cell hemolysis and biochemical changes
n mice liver and kidney by inducing oxidative stress and lipid per-
xidation [43]. Allergic contact dermatitis from paraben is low,
anging from 0 to 4.2% [26]. However, the percentage can be sig-
ificantly increased in patients with chronic leg ulcers [44].

Animal studies have shown that butylparaben exposure is
dverse to male reproduction [20,21,45]. This will be discussed in
ne of the following sections.

. Human infertility caused by xenobiotics

Approximately 15% of couples have infertility problems [46].
owever, and despite the increasing knowledge on the physio-

ogical basis of infertility, the reasons for this problem remain
ndiagnosed in a number of cases, a condition known as idiopathic

nfertility. Due to unrestricted human activity, widespread environ-
ental pollutants may be at least partially responsible for some of

hese cases. In fact, epidemiologic evidence supports an association
etween exposure to environmental toxicants and reproductive

utcome, including in humans. Some xenobiotics, such as persis-
ent organic pollutants (POPs), DES (diethylstilbestrol) or parabens
ct like endocrine disruptors, exogenous chemicals that often
nterfere with the normal hypothalamo–pituitary–gonadal axis,

imicking hormones, blocking hormonal action or triggering inap-

o

e
D
a
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ropriate hormone activity. Since they tend to mimic female
ormones, these compounds especially affect male reproductive

unction [47]. POPs such as PCBs (polychlorinated biphenyls),
DT (dichloro diphenyl trichloroethane), PCDDs (polychlorinated
ibenzo-p-dioxins) and PCDFs (polychlorinated dibenzofurans)
ay not only impair sperm motility, but also adversely affect sperm

oncentration, semen volume and sperm morphology [48–52],
lthough contradictory results exist [53,54]. Dioxins may also
educe serum and testicular testosterone levels [55] and increase
onadotropin concentrations [56], while also decreasing sperm
otility [57]. Commonly used industrial chemicals, such as phtha-

ates, are also associated with male reproductive toxicity in humans
58,59]. Specifically, dose-response relations between monobutyl
hthalate (MBP), sperm motility and sperm concentration and also
dose-response relation between monobenzyl phthalate (MBzP)

nd sperm concentration were detected. Evidence for an associ-
tion between monomethyl phthalate (MMP) with poor sperm
orphology was also described [59]. More worrisome is the recent

iscovery by Swan et al. [60] that maternal beef consumption
uring pregnancy may alter testicular development in utero and
dversely affect reproductive capacity due to the possible presence
f xenobiotics in beef, possibly related to changes in animal growth
rocedures in the previous generation. In accordance, men whose
others had been treated with DES to prevent miscarriages, show

n increase in the incidence of cryptorchidism and hypospadias, as
ell as diminished sperm quality [61].

Additionally, heavy metals such as lead and cadmium may also
ause an adverse effect on male reproductive functions [62–68].
he presence of heavy metals in semen was also associated with
oor chromatin condensation [69], lower pregnancy rates and birth
efects [70]. Furthermore, a reduction in testosterone synthesis and
n increase in LH and FSH levels without a clear indication of dis-
urbance of the hypothalamic–pituitary–testicular axis have been
escribed [71].

Although there is increasing concern regarding the effects of
arabens, namely, as mentioned previously, a possible role on the

ncreased incidence of breast cancer [18], little data exists on their
ffects regarding human sperm, although a number of studies with
nimal models were performed. Rodent exposure to butylparaben
20,21] and propylparaben [22] adversely affected testosterone
ynthesis and male reproductive function. On the other hand, a
ecent study performed by the same author exhibited contrary
esults for methyl- and ethylparaben [72]. Although parabens have
eak estrogenic activity, confirmed by positive uterotrophic assays

11,15,17,73,74], these findings are in agreement with studies that
ndicate that methyl and ethyl esters have less potent in vitro and
n vivo estrogenic activity than either propylparaben or the most
otent form, butylparaben [73,74]. In fact, another study performed

n fish demonstrated that ethylparaben is approximately sixty
imes weaker than propyl- and butylparaben [75]. Finally, a study
oncerning the effects of maternal exposure to butylparaben dur-
ng gestation and lactation periods demonstrated that this exposure

ay adversely affect reproductive organ development of male F1
rogeny [47]. In fact, the proportion of pups born alive and the per-
entage of pups surviving to weaning were significantly decreased
ollowing exposure. Also, and more importantly, male reproductive
rgan weights (testes, seminal vesicles and prostate glands), sperm
ounts and sperm motility were adversely affected as well as the
umber of round and elongated spermatids at stage VII of the sem-

niferous tubule. Vaginal opening also occurred earlier in female

ffspring, compared with the control group [47].

An issue of great concern is the transgenerational effects of
ndocrine-disrupting agents, possibly mediated by imprinting.
NA in primordial germ cells is demethylated and remethylated in
sex-specific manner during gonadal sex determination [76], and
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Fig. 2. Possible targets of paraben action on human spermatozoa. Parabens may
interfere with sperm mitochondria (either during spermatogenesis on following
sperm maturation), organized in the sperm midpiece (arrow) and also with the
acrosome, a cap-like secretory vesicle on the sperm head containing hydrolytic
enzymes essential for sperm–oocyte interactions (arrowheads). As is the case with
other xenobiotics, sperm nuclear DNA (asterisks) may also be affected by paraben
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NA methylation controls gene expression [77]. Methoxychlor, a
DT substitute, and vinclozolin, a fungicide used in the wine indus-

ry, were both shown to modify the spermatogenic capacity of male
erm cells and sperm viability through DNA methylation. Thus,
educed fertility and sperm development in rat testis of offspring
xposed during pregnancy was demonstrated in this system. More
mportantly, this phenotype was transmitted, with no additional
xposure, through the male germ line to at least the F4 generation
78].

. Animal and human data on paraben effects on
eproduction

A study carried out by Fisher et al. [79] demonstrated that male
eonatal rats injected with butylparaben at 2 mg/kg on postna-
al days 2–18 showed no detectable effects on any reproductive
arameter. On the contrary, Oishi reported no treatment-related
ffects of propylparaben on reproductive organ weights [22] but
ecreased epididymes and seminal vesicles weights after dietary
utylparaben intake were recorded [20]. Furthermore, a signifi-
ant decline of caudal epididymal sperm reserves was described for
ethyl- and butylparaben consumption [20,22]. Moreover, sperm

oncentration decreased in a dose-dependent manner and the
ame was observed with daily sperm production (DSP) and effi-
iency of sperm production in testes (DSP/g testes). Surprisingly,
dose-dependent decrease in serum testosterone concentration
as also reported in rodents fed with methyl- or butylparaben

20–22]. An inverse relationship was found between butylparaben
oncentration and both round and elongated spermatid counts
n stages VII–VIII of the seminiferous tubule cycle in mice. Also,
longated spermatid counts were significantly lower in all treated
roups [21]. Nevertheless, the same author found that neither
ale reproductive functions nor serum hormone concentrations

ncluding testosterone, LH and FSH were affected by methyl- and
thylparaben at a dose level of about 1000 mg/kg bw/day [72].
hese results are in agreement with previous data that observed
o adverse histopathological effects on male reproductive organs

n rodents fed with 0.6–10%, 2% and 0.15–0.6% butylparaben for 6,
and 102 weeks, respectively [35,80]. However, these studies did
ot determine sperm parameters or reproductive hormone levels. A
ecent study carried out by Hoberman et al. [81] tried to reproduce
he same conditions as reported by Oishi [20,72]. Nevertheless,

ale Wistar rats orally exposed to 0, 100, 1000 or 10,000 ppm
ethyl- or butylparaben for 8 weeks did not present any signifi-

ant changes on reproductive organ weights, sperm motility, sperm
ount and DSP. Additionally, no modifications in hormone lev-
ls were observed in butylparaben-treated animals. Therefore, the
tudy suggests that the rapid metabolism of parabens by esterases
ay be the reason for why these compunds do not induce in vivo

ffects when administered by oral route. A toxicological evaluation
f butylparaben given by oral administration to Sprague–Dawley
ats showed no differences versus the control group in any of the
evelopmental parameters including embryo/foetal viability, foetal
eight, malformations or variations. The maternal NOAEL (no-

bserved-adverse-effect level) for butylparaben was established at
00 mg/kg bw/day. It was further concluded that butylparaben does
ot have the potential to produce developmental toxicity in the
prague–Dawley rat at oral dosages up to 1000 mg/kg bw/day [82].

Parabens are structurally similar to some environmental estro-
en disruptors and function as sulfotransferase inhibitors [83],

herefore it is possible that parabens interact with other pro-
esses in the skin estrogen cycle. In fact, a study performed by
rusakiewicz et al. [7] showed that parabens inhibit estrogen and
stradiol sulfation by inhibiting sulfotransferase activity in skin,
uggesting that chronic topical application of parabens may lead

f
t
w
t
e

xposure. To obtain these images mitochondria were labeled with the organelle-
pecific dye Mito Tracker Green, the acrosome with the fluorescent lectin PSA-FITC
nd DNA with the DNA dye DAPI, and the sperm observed under fluorescence.

o prolonged estrogenic effects in the skin. In a number of in
itro studies, parabens were able to bind the estrogen receptor,
ctivating genes controlled by these receptors, and stimulating
ell growth and increasing the level of immune reactive estrogen
eceptor protein [7,13,16]. Subcutaneous administration of butyl-
araben has also been shown to increase uterine weight in vivo

n both immature rats and mice and in adult ovariectomised mice,
ence confirming its estrogenic activity [4,73]. The issue of paraben
ffects on human reproductive toxicity was addressed by Glan-
er et al. [84], who studied primary microbiological contamination

n human ejaculates, and also secondary contamination after cry-
preservation using methylparaben. These authors found that not
nly methylparaben reduced microbiological contamination of the
ryoprotective medium, but also decreased human sperm motil-
ty [84]. Additionally, another study regarding in vitro spermicidal
ctivity of methyl-, ethyl-, propyl- and butylparaben in human sub-
ects found that, in fact, these parabens are effective spermicides
85]. Later on, another report showed that butylparaben exerts an
nhibitory effect on the acrosomal enzyme acrosin, and impairs
perm membrane function, indicating that it can potentially be
sed as a contraceptive [86], and suggesting another target for
araben action on sperm (Fig. 2). However, a severe allergic reac-
ion in a man that used a condom with retarding cream containing
mixture of benzocaine and paraben was reported [87]. Although
ffects of parabens seem to adversely affect male reproduction,

urther studies are required to better understand toxicity and also
o establish reliable threshold values that may accurately indicate
hen reproduction may be seriously compromised. So far, and

o our knowledge, no reports have been published regarding the
ffects of parabens on female gametes.
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. Mitochondrial toxicology of parabens

Due to the critical role of mitochondria on cell energetics, it is
ise to consider that the negative interaction of several molecules
ith mitochondria affects cell functions. Mitochondria are the rec-

gnized cell powerhouses mainly due to the production of the
ajority of the ATP used by cell processes. Although this energy-

roducing role would per se be enough to justify the importance
f studying drug-mitochondria interactions, there are other mito-
hondrial functions that are very important in the context of
rug-induced mitochondrial and tissue dysfunction. The role of
itochondria as a crossroad in several cell death pathways has

een established [88,89]. The mitochondrial permeability transi-
ion (MPT) is triggered by several agents known to cause cell death,
ne example being the pro-oxidant anti-neoplastic agent doxoru-
icin [90,91]. Mitochondria are also responsible for participating in
he regulation of cytosolic calcium homeostasis [92]. Several toxi-
ants can interfere with mitochondrial control of cytosolic calcium,
hich can be critical in tissues where constant calcium spikes sig-
al cell responses [93]. Also, many of the mitochondrial toxicants

nteract with the core of the ATP generation processes, the mito-
hondrial respiratory chain and phosphorylative system [94–96],
s well as with DNA or protein regulation [97,98]. Although tis-
ues with higher needs of mitochondrial-produced ATP will be the
ostly affected by drug-induced mitochondrial dysfunction, tis-

ues with apparent low energy demand can also be affected. One
f such cases is the toxicity of several agents on testis mitochon-
ria. Agents such as doxorubicin [99], cadmium [100] or anti-HIV

ucleoside pharmaceuticals [101] are recognized mitochondrial
isruptors in the testis, although the literature is not extensive
egarding the precise mechanism of drug-induced mitochondrial
ysfunction. Fig. 3 exemplifies possible sites for drug-induced mito-
hondrial dysfunction, including the respiratory chain and the MPT.

m
b
i
i
l

ig. 3. Some intra-mitochondrial targets of recognized importance. Shown are the fou
itochondrial DNA (mtDNA) and the mitochondrial permeability transition (MPT) pore.
itochondria through nuclear or cytosolic-mediated effects. One particular aspect is the al

he physical properties of mitochondrial membranes can indirectly affect protein activity a
hich can be caused by several pro-oxidant agents such as doxorubicin. The MPT induction

ell death.
Toxicology 27 (2009) 1–7 5

The mitochondrial toxicity of parabens is not a widespread topic
n the literature. It has been previously described that parabens
ause a concentration- and time-dependent cell death of cul-
ured hepatocytes [23] with such toxicity correlated with defective

itochondrial function. The same work not only established a cor-
elation between paraben structure and activity but also identified
he mitochondrial respiratory chain and phosphorylation system as
target for the different parabens used. It was demonstrated that
utyl- and isobutylparaben were more toxic than propyl- and iso-
ropylparaben, and ethyl- methylparaben and p-hydroxybenzoic
cid were less toxic than propylparaben, when considering mito-
hondria as the site for the toxic effect [23]. Later, it was pointed out
hat the MPT pore is involved in the toxicity of different parabens
n hepatocytes and isolated liver mitochondria [102]. The results
re extremely important as they are first to demonstrate that the
araben-induced uncoupling and decrease of ATP synthesis is asso-
iated with MPT induction.

Due to the important role of mitochondria in testis metabolism,
t is logical to assume that parabens may also interfere with mito-
hondrial energetics and thus disturb sperm function. Although no
ata exist on direct effects of parabens on testis mitochondria, it
eems possible that tissue accumulation of such compounds would
ead to toxicological relevant concentrations that would disturb

itochondrial bioenergetics. In fact, preliminary results from our
aboratory indicate that several parabens present direct toxicity on
solated testis mitochondria at low concentrations (Peixoto et al.,
n preparation). Although some organelle-dependent differences

ay exist, the similar structure, function and energy-production

echanism of both liver and testis mitochondria are very likely to

e affected in the same range of paraben concentrations, raising an
mportant question: what is the relevance of paraben-mitochondria
nteractions in male reproductive problems associated with pro-
onged exposure to those compounds? In fact, several compounds

r main targets inside mitochondria, the mitochondrial respiratory chain (MRC),
The scheme is extremely simplified since many compounds can indirectly affect
teration of the crosstalk between the nucleus and mtDNA. Besides, interaction with
nd thus mitochondrial bioenergetics. One particular example is lipid peroxidation,

has been considered an important factor in the triggering of mitochondria-mediated
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nown to cause decreased reproductive potential in males are also
nown to interfere with testis mitochondrial function. The list of
ompounds includes dioxins [103] and phthalic acid esters [104].
espiratory function of testicular mitochondria appears particu-

arly susceptible to xenobiotic actions, which can contribute to a
ecrease in mitochondrially produced ATP and even to predispose
ells to undergo mitochondria-mediated cell death.

It is very likely that the next years will see the appearance of
everal papers exploring the effect of different parabens on testis
itochondrial function, and possibly also on what may happen in
ature male gametes. The relation between inhibition of testis
itochondrial function and male reproductive problems induced

y parabens will be very important in the context of the toxicity
ssessment of commonly used parabens.
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