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ABSTRACT. The relationship between mitochondrial membrane permeability transition (MPT) and the toxic
effects of the alkyl esters of p-hydroxybenzoic acid (parabens) has been studied in mitochondria and hepatocytes
isolated from rat liver. MPT has been proposed as a common final pathway in acute cell death through
mitochondrial dysfunction. In isolated mitochondria, propyl-paraben (0.1 to 0.5 mM) in the presence of Ca21

(50 mM) elicited a concentration-dependent induction of mitochondrial swelling dependent on MPT. This was
prevented by pretreatment with a specific inhibitor of MPT, cyclosporin A (0.2 mM). For the other parabens
tested, the induction of MPT depended on the relative elongation of alkyl side-chains in their molecular
structure and was associated with the partition coefficients. In contrast, the induction caused by p-
hydroxybenzoic acid was more potent than that of methyl- or ethyl-paraben. The pretreatment of freshly isolated
hepatocytes with cyclosporin A (5 mM) and trifluoperazine (10 mM), which inhibit MPT in a synergistic
manner, partially but not completely prevented propyl-paraben (1 mM; plus diazinon, 100 mM)-induced cell
death, ATP loss, and decreased mitochondrial membrane potential. These results suggest that the onset of
paraben-induced cytotoxicity is linked to mitochondrial failure dependent upon induction of MPT accompanied
by the mitochondrial depolarization and depletion of cellular ATP through uncoupling of oxidative phosphor-
ylation. BIOCHEM PHARMACOL 58;5:811–816, 1999. © 1999 Elsevier Science Inc.
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Alkyl esters of p-hydroxybenzoic acid, which are commonly
called parabens§, are used widely as antimicrobial preser-
vatives in pharmaceuticals, cosmetic products, processed
foods, and beverages. Because of their widespread use, the
potential toxicity and metabolic disposition of parabens
have been investigated in vivo and in vitro to assess various
toxicological and pharmacological properties [1–5]. Despite
their presumed low toxicity and the known information
about their disposition, studies have not investigated the
relationship between metabolism and the cytotoxic effects
of parabens. A previous study [6] has shown that hydropho-
bic parabens with elongation of the alkyl side-chain are
cytotoxic. Experiments with isolated hepatocytes and liver
mitochondria indicate that this is most likely mediated
through impairment of mitochondrial function accompa-
nied by failure of oxidative phosphorylation and mitochon-

drial membrane depolarization, which are consequent on
decreased cellular levels of adenine nucleotides. A number
of observations suggest that mitochondria are a primary
target of chemical-induced injury and that their dysfunc-
tion ultimately leads to cell death [7]. For instance, an
insufficient supply of ATP limits activities of all energy-
requiring reactions and eventually leads to cell death.
Induction of MPT, an abrupt increase in the permeability of
the inner mitochondrial membrane to small molecular
weight solutes, has been proposed to be an important
common pathway causing cellular injury. A direct conse-
quence of MPT is that mitochondria are no longer able to
maintain energy generation [8–10]. It has been reported
that the induction of MPT through opening of high-
conductance pores, which are specifically blocked by cyclo-
sporin A, induces mitochondrial depolarization, uncoupling
of oxidative phosphorylation with ATP depletion, and
ultimately cell death [11, 12]. Because it is possible that
parabens, like some other chemicals, induce a calcium-
dependent increase in permeability of the mitochondrial
inner membrane, in the present study we investigated (i)
the effect of parabens on MPT in isolated liver mitochon-
dria, and (ii) the possible role of the MPT in paraben-
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induced cell damage in isolated hepatocytes. The mecha-
nism of the toxic effects of parabens is discussed.

MATERIALS AND METHODS
Materials

The chemical compounds used were obtained from the
following companies: p-hydroxybenzoic acid and its esters
(parabens): methyl-, ethyl-, propyl-, and butyl-p-hydroxy-
benzoates (purities of . 99%) from the Tokyo Kasei Co.;
adenine nucleotide, bovine serum albumin, ruthenium red,
rhodamine 123, MOPS, and trifluoperazine from the Sigma
Chemical Co.; and collagenase and cyclosporin A from
Wako Chemicals. All other chemicals were of the highest
purity commercially available.

Isolation and Incubation of Hepatocytes

Male F344/DuCrj (240–270 g) rats were obtained from
Charles River Japan Inc. and were allowed food (CE-2,
Clea Japan Inc.) and water ad lib. before hepatocytes were
prepared. The hepatocytes were isolated by collagenase
perfusion of the liver, as described previously [15]. Hepato-
cyte viability was assessed by Trypan Blue exclusion, and
initial cell viability in each experiment was more than 85%.
Hepatocytes (106 cells/mL) were suspended in Krebs–
Henseleit buffer, pH 7.4, containing 12.5 mM HEPES and
0.1% albumin. All incubations were performed in rotating,
round-bottomed flasks at 37°, under a constant flow of
humidified carbogen (95% O2/5% CO2). Reactions were
started by the addition of propyl-paraben (1 mM) dissolved
in DMSO (final concentration, , 1%). Corresponding
control groups received an equivalent volume of DMSO. In
some treated groups, cyclosporin A (5 mM) dissolved in
ethanol and trifluoperazine (10 mM) dissolved in Krebs–
Henseleit buffer were added into the hepatocyte suspension
30 min before the addition of paraben, and then diazinon
(100 mM) dissolved in DMSO was added to the hepatocyte
suspension 15 min before the addition of paraben. The
concentrations of these modulators used in this study were
based on previous studies [6, 16]. Aliquots of the incubation
mixture were taken at intervals for the determination of
cell death and the concentration of intracellular ATP.

Preparation of Liver Mitochondria

Liver mitochondria were isolated from male F344/DuCrj
rats by differential centrifugation in medium containing
0.25 M sucrose, 5 mM Tris–HCl, pH 7.4, and 1 mM EDTA
[13]. EDTA was omitted for the final wash and resuspen-
sion.

Determination of MPT

Induction of MPT was monitored by the absorbance
changes at 540 nm measured with a Cary 5 spectrophotom-
eter (Varian Instrument Ltd.; operated in the double beam

mode) equipped with magnetic stirring and temperature
control, essentially as described by Petronilli et al. [14]. The
reaction medium was 0.2 M sucrose, 1 mM KH2PO4, 5 mM
succinate, 2 mM rotenone, 1 mg/mL of oligomycin, 10 mM
Tris–MOPS, pH 7.3, at 25°. The reaction was started by the
addition of 0.5 mg protein/mL of mitochondria. Parabens
and CaCl2 (50 mM) were added as indicated in Figs. 1 and 2.

Determination of Mitochondrial Membrane Potential

Mitochondrial membrane potential (DC) in hepatocytes
was determined with rhodamine 123, a fluorescence probe
[17], which selectively distributes into mitochondria with
an intact membrane potential and is retained in the
mitochondria, as described previously [6]. Rhodamine 123
(1 mM) dissolved in DMSO was added to hepatocyte
suspensions 10 min before the exposure to paraben. The
results are expressed as percentages of the fluorescence
values for the control (untreated) hepatocytes.

Biochemical Assays

ATP in hepatocytes was measured using HPLC, according
to the procedure of Jones [18]. Mitochondrial protein was
determined with the biuret reaction. Cell death of hepato-
cytes was assessed by Trypan Blue (0.16%) uptake, accord-
ing to the method described by Moldéus et al. [15]. Plasma
membrane blebbing was measured by counting the number
of Trypan Blue-excluding cells that had bubble-like protru-
sions on the cell surface.

Partition Coefficient

The partition coefficients were determined at approxi-
mately 25° as follows; 4 mL (final concentration, 50 mM) of
a solution of parabens dissolved in DMSO was added to 4
mL of PBS (pH 7.4) saturated with n-octanol, and the
absorbance was measured, using a spectrophotometer, at a
suitable absorption maximum. The solution was added to 4
mL of n-octanol, and was extracted by a mechanical shaker
for 30 min. After separation (1000 g for 20 min) of the
n-octanol layers by centrifugation, the absorbance of the
aqueous layer was measured again. The partition coefficient
was calculated as the difference between these two values
divided by the residual absorption of the aqueous phase.

Statistical Analysis

Statistically significant differences between several treat-
ment groups were determined by analysis of variance,
followed by Dunnett’s t-test.

RESULTS
Effects of Parabens on MPT

Depletion of cellular ATP and mitochondrial depolariza-
tion caused by parabens in isolated rat hepatocytes [6]
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suggest that the compounds may induce MPT. When
membrane permeability control is inhibited, mitochondria
swell owing to the penetration of the solutes. To investigate
this proposal, propyl-paraben was added to suspensions of
mitochondria, and the swelling of mitochondria via induc-
tion of MPT was measured spectrophotometrically (Fig. 1).
Incubation of mitochondria with the paraben caused a
time- and concentration-dependent MPT. Addition of
Ca21 at a concentration of 50 mM to isolated mitochondria
without the paraben did not affect MPT during the incu-
bation period. Cyclosporin A (0.2 mM), an inhibitor of
MPT via the cyclosporin A-sensitive “mega-pore or mega-
channel” [19, 20], or ruthenium red (1 mM; data not
shown), which also inhibits MPT by blocking mitochon-
drial calcium uptake by the uniport pathway [21], com-
pletely prevented mitochondrial swelling caused by 0.5 mM
propyl-paraben in the presence of Ca21. These findings
indicate that the swelling induced by the paraben repre-
sents onset of the MPT.

Figure 2 shows effects of some parabens and p-hydroxy-
benzoic acid on the MPT. Although addition of these
parabens to mitochondrial suspensions caused swelling in
an alkyl chain-length and time-dependent manner, p-
hydroxybenzoic acid also exhibited swelling ability, and its
potency was greater than that of methyl- or ethyl-paraben.
The pre-addition of cyclosporin A (0.2 mM) to mitochon-
dria completely prevented mitochondrial swelling caused
by these compounds in the presence of Ca21 (data not
shown).

Partition Coefficients of Parabens in Octanol/PBS

A hydrophobic interaction between chemicals and mem-
brane components is a characteristic biological action on
the cell and cell membrane [22, 23]. The hydrophobicity of

these parabens was therefore determined as the n-octanol/
PBS partition coefficient (Table 1): the mean values of
p-hydroxybenzoic acid and methyl-, ethyl-, propyl- and
butyl-parabens were 1.1, 21.7, 32.8, 35.7, and 38.4, respec-
tively. The hydrophobicity was increased with elongation
of the alkyl side-chains esterified to the carboxyl group of
p-hydroxybenzoic acid.

Effects of MPT Inhibitors on
Paraben-induced Cytotoxicity

Based on the above results, an experiment was performed to
determine if inhibitors of MPT could prevent propyl-
paraben-induced cytotoxicity (Fig. 3). In a previous study
[6], incubation of rat hepatocytes with paraben caused a
concentration- and time-dependent cell killing, which was
enhanced by the pretreatment of a carboxylesterase inhib-
itor, diazinon (100 mM). Exposure of hepatocytes to both
the paraben and diazinon accelerated cell killing as well as

FIG. 1. Concentration-dependent induction of MPT by propyl-
paraben. Mitochondria (0.5 mg protein/mL) were preincubated
in 2.5 mL of reaction medium, containing 0.2 M sucrose, 1 mM
KH2PO, 5 mM succinate, 2 mM rotenone, 1 mg/mL of oligo-
mycin, and 10 mM Tris–MOPS (pH 7.3) at 25°. Cyclosporin A
(CyA; 0.2 mM) was added to the mitochondrial suspension prior
to the addition of propyl-paraben. The paraben (0.1 to 0.5 mM)
and CaCl2 (50 mM) were added as indicated in the figure, and
swelling of mitochondria was determined spectrophotometrically
at 540 nm. The traces are typical of three different preparations.

FIG. 2. Induction of MPT by parabens and p-hydroxybenzoic
acid. The reaction conditions were the same as described for Fig.
1. The concentration of methyl-paraben (trace B), ethyl-para-
ben (C), propyl-paraben (E), and p-hydroxybenzoic acid (D) was
0.5 mM, and that of butyl-paraben (F) was 0.25 mM. Trace A
is a non-paraben (control) group. The traces are typical of three
different preparations.

TABLE 1. Partition coefficients of parabens in n-octanol/PBS

Parabens
Partition

coefficients*

p-Hydroxybenzoic acid 1.1 6 0.2
Methyl-paraben 21.7 6 3.1
Ethyl-paraben 32.8 6 1.2
Propyl-paraben 35.7 6 3.5
Butyl-paraben 38.4 6 2.0

* A solution of parabens (final concentration, 50 mM) dissolved in DMSO was added
to 4 mL of PBS (pH 7.4), and the absorbance was measured at a suitable absorption
maximum. The solution was extracted by shaking with an equal volume of n-octanol
saturated with PBS. After separation of the n-octanol layers by centrifugation, the
absorbance of the aqueous layer was measured again. The partition coefficient was
calculated as the difference in these two values divided by the residual absorption of
the aqueous medium. Results are the means 6 SEM of three experiments.
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the loss of cellular ATP. Trifluoperazine is a potent inhib-
itor of phospholipase A2 and an antagonist of calmodulin
[16]. The combination of cyclosporin A (5 mM) and
trifluoperazine (10 mM) inhibited partially but not com-
pletely the paraben-induced cell death accompanied by loss
of intracellular ATP during the incubation period. Al-
though the data in Fig. 3 did not show this, loss of
mitochondrial membrane potential of hepatocytes treated
with propyl-paraben (plus diazinon) was inhibited slightly
by both inhibitors after a 90-min incubation; the values of
untreated, cyclosporin A/trifluoperazine/diazinon-pre-
treated, diazinon/propyl-paraben-treated, and cyclosporin
A/trifluoperazine/diazinon/propyl-paraben-treated groups
were 100, 167, 79, and 66% (% of untreated group; means
of two determinations), respectively. Both inhibitors also

delayed the onset of plasma membrane blebbing and inhib-
ited an increase in the number of blebbed cells induced by
propyl-paraben during the incubation. Diazinon on its own
had no effect on any of the parameters measured.

DISCUSSION

The results obtained in this study show that in isolated liver
mitochondria propyl-paraben elicited a concentration-de-
pendent induction of mitochondrial swelling dependent
upon MPT, which was prevented by pretreatment with an
inhibitor of MPT, cyclosporin A (or ruthenium red).
Induction of MPT in isolated mitochondria by other
parabens tested depended upon the relative elongation of
alkyl side-chains in their molecular structures. Because the
pretreatment of hepatocytes with cyclosporin A plus triflu-
operazine, which are required for a long-lasting inhibition
of MPT and act in a synergistic manner [24], partially but
not completely prevented diazinon plus propyl-paraben-
induced cell death and ATP depletion, it appears that
propyl-paraben causes cytotoxicity through mitochondrial
dysfunction involving induction of MPT and reduction of
mitochondrial membrane potential accompanied by abrupt
loss of intracellular ATP.

It is well established that hydrophobicity, as demon-
strated by its close correlation with the partition coefficient
of xenobiotics, is often associated with biological action,
which is expressed as structure-toxicity or activity relation-
ship [22, 23]. Although p-hydroxybenzoic acid was a potent
inducer of MPT (Fig. 2), the compound was less toxic than
the shorter-chain esters, methyl- and ethyl-parabens, in
isolated rat hepatocytes or in isolated hepatic mitochondria
[6]. An analysis of the comparative toxicities of the esters of
various parabens shows that their cytotoxicity depends on
the relative elongation, or molecular weight, of the alkyl
side-chains esterified to the carboxyl group of p-hydroxy-
benzoic acid [6]. As shown in Table 1, the introduction and
elongation of these side-chains caused a marked increase,
approximately 20- to 35-fold, in the hydrophobicity of the
parent compound, p-hydroxybenzoic acid. These results
imply that the longer-chain esters would readily partition
into the interior hydrophobic portion of the plasma mem-
brane, and may pass through cell membranes to reach
intracellular target sites such as mitochondria.

In isolated liver mitochondria, many xenobiotics induce
the onset of MPT, including oxidant chemicals, heavy
metal, and weak acids [10, 21, 25]. The permeability
transition pore is voltage dependent, the threshold poten-
tial being highly influenced by the redox state of mem-
brane-associated thiols and matrix pyridine nucleotides
[14]. It is thought that these redox sensors are acted upon by
many inducing agents. However, the cytotoxicity induced
by propyl-paraben is independent of protein thiol oxidation
and lipid peroxidation in isolated rat hepatocytes [6].
Although the mechanism by which propyl-paraben pro-
motes the onset of MPT remains unclear in this study, Trost
and Lemasters [21] have suggested that salicylate (o-

FIG. 3. Effects of cyclosporin A and trifluoperazine, inhibitors
of MPT, on cell death (A), cell blebbing (B), and the level of
intracellular ATP (C) in isolated rat hepatocytes treated with
propyl-paraben. Hepatocytes (106 cells/mL) pretreated with an
esterase inhibitor, diazinon (100 mM), and/or cyclosporin A (5
mM) plus trifluoperazine (10 mM) were incubated with propyl-
paraben (1 mM). Key: (E) untreated; (‚) cyclosporin A/triflu-
operazine/diazinon-treated; (F) diazinon and propyl-paraben-
treated; and (Œ) diazinon/cyclosporin A/trifluoperazine/propyl-
paraben-treated. Results are the means 6 SEM of three different
preparations.
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hydroxybenzoate) and related carboxylic acids may bind
directly to the permeability transition pore, promoting pore
opening. In addition, Broekemeier and Pfeiffer [26] have
suggested that carboxylic acids having non-polar side-
chains induce the MPT accompanied by changing mito-
chondrial membrane surface potential, thereby decreasing
the gating potential of the transition pore. Further work is
required to clarify the mechanism of action of parabens.

A previous study indicates that incubation of hepato-
cytes with parabens results in acute cell death and that the
cytotoxicity is associated with ATP depletion through
impairment of mitochondrial function related to membrane
potential (DC) and/or oxidative phosphorylation [6]. A
number of studies indicate that mitochondria are a primary
target of chemical-induced cell injury and that their dys-
function ultimately leads to cell death. Although the
relationship between loss of mitochondrial DC and MPT is
complex, it seems that decreased DC is caused by MPT
because mitochondrial DC appears to decrease after MPT
has begun [8, 11, 27, 28]. MPT is believed to be an
important step in cell damage and death in a variety of
diseases or pathological states such as xenobiotic poisonings
and ischemia/reperfusion, and it can involve both necrosis
and apoptosis [9, 29–31]. Broekemeier and Pfeiffer [32]
have reported that MPT may be caused by two different or
interactive mechanisms, one dependent on phospholipase
A2 activity, which is inhibited by trifluoperazine, and the
other on a “pore” in the inner membrane, which is blocked
by cyclosporin A. In this study, the evidence that co-
treatment of hepatocytes with both inhibitors could pre-
vent propyl-paraben-induced cytotoxicity partially but not
completely (Fig. 3) indicates that induction of MPT is an
important factor as well as depolarization and/or uncou-
pling of oxidative phosphorylation in the onset of cell
death caused by parabens. The involvement of several
independent mechanisms that may interact cannot be ruled
out.

Propyl-paraben produced blebbing of the plasma mem-
brane, which is considered to be an early morphological
index of chemically induced toxicity and hypoxic damage
in hepatocytes [7]. The formation of “blebs” may be causally
related to depletion of ATP because the latter is necessary
for polymerization of microtubules and microfilaments,
which are involved in the interactions between the cy-
toskeleton and plasma membrane [33]. It has also been
suggested that this phenomenon can be caused by either a
collapse of the mitochondrial membrane potential (DC) or
an elevation of cytosolic free Ca21 [33]. The former can
result from an impairment of electron transport and uncou-
pling, both of which were observed in a previous study [6].
Collapse of DC can lead, in turn, to the inability of
mitochondria to take up calcium from the cytosol, with a
consequent rise in the cytosolic level. A decrease of the
cellular ATP level would also affect adversely transport of
calcium into the endoplasmic reticulum, which is an
energy-requiring process. In this study, protection by both
inhibitors from MPT and cell death induced by propyl-

paraben was accompanied by a delay in onset of blebbing
with intracellular ATP depletion (Fig. 3). A rise in cyto-
solic free Ca21 induced by parabens has been found by
Sone et al. [34] in smooth muscle, although in this case it
may be related to activation of a calcium channel.

In conclusion, the present study demonstrated that
parabens are potent inducers of the mitochondrial cyclo-
sporin A-sensitive permeability transition in isolated mito-
chondria. The cytotoxicity caused by parabens is charac-
terized by MPT accompanied by mitochondrial depolariza-
tion and failure of oxidative phosphorylation with ATP
depletion. The insufficient supply of ATP, in turn, limits
activities of all energy-requiring reactions and consequently
leads to acute cell death.
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15. Moldéus P, Hogberg J and Orrenius S, Isolation and use of
liver cells. Methods Enzymol 52: 60–71, 1978.

16. Imberti R, Nieminen A-L, Herman B and Lemasters JJ,
Mitochondrial and glucolytic dysfunction in lethal injury to
hepatocytes by t-butylhydroperoxide: Protection by fructose,
cyclosporin A and trifluoperazine. J Pharmacol Exp Ther 265:
392–400, 1993.

17. Lemasters JJ, Nieminen A-L, Chacon E, Imberti R, Gores G,
Reece JM and Herman B, Use of fluorescent probes to
monitor mitochondrial membrane potential in isolated mito-
chondria, cell suspensions, and cultured cells. In: Mitochon-
drial Dysfunction (Eds. Lash LH and Jones DP), pp. 404–415.
Academic Press, San Diego, 1993.

18. Jones DP, Determination of pyridine dinucleotides in cell
extracts by high-performance liquid chromatography. J Chro-
matogr 225: 446–449, 1998.

19. Fournier N, Ducent G and Crevat A, Action of cyclosporin
on mitochondrial calcium fluxes. J Bioenerg Biomembr 19:
297–303, 1987.

20. Crompton M, Ellinger H and Costi A, Inhibition by cyclo-
sporin A of a Ca21-dependent pore in heart mitochondria
activated by inorganic phosphate and oxidative stress. Bio-
chem J 255: 357–360, 1988.

21. Trost LC and Lemasters JJ, The mitochondrial permeability
transition: A new pathophysiological mechanism for Reye’s
syndrome and toxic liver injury. J Pharmacol Exp Ther 278:
1000–1005, 1996.

22. Hansch C and Dunn WJ III, Linear relationships between
lipophilic character and biological activity of drugs. J Pharm
Sci 61: 1–19, 1972.

23. Lyon RC, McComb JA, Schreurs J and Goldstein DB, A
relationship between alcohol intoxication and the disordering
of brain membranes by a series of short-chain alcohols.
J Pharmacol Exp Ther 218: 669–675, 1981.

24. Bernardi P, Broekmeier KM and Pfeiffer DR, Recent progress

on regulation of the mitochondrial permeability transition
pore: A cyclosporin sensitive pore in the inner mitochondrial
membrane. J Bioenerg Biomembr 26: 509–517, 1994.

25. Gunter TE and Pfeiffer DR, Mechanisms by which mitochon-
dria transport calcium. Am J Physiol 258: C755–C786, 1990.

26. Broekemeier KM and Pfeiffer DR, Inhibition of the mito-
chondrial permeability transition by cyclosporin A during
long time frame experiments: Relationship between pore
opening and the activity of mitochondrial phospholipases.
Biochemistry 34: 16440–16449, 1995.

27. Gunter T, Gunter KK, Sheu S-S and Gavin CE, Mitochon-
drial calcium transport: Physiological and pathological rele-
vance. Am J Physiol 276: C313–C339, 1994.

28. Lemasters JJ, Nieminen A-L, Qian T, Trost LC and Herman
B, The mitochondrial permeability transition in toxic, hy-
poxic and reperfusion injury. Mol Cell Biochem 174: 159–165,
1997.

29. Pastorino JG, Snyder JW, Serroni A, Hoek JB and Farber JL,
Cyclosporin and carnitine prevent the anoxic death of culture
hepatocytes by inhibiting the mitochondrial permeability
transition. J Biol Chem 268: 13791–13798, 1993.

30. Griffiths EJ and Halestrap AP, Mitochondrial non-specific
pores remain closed during cardiac ischaemia, but open upon
reperfusion. Biochem J 307: 93–98, 1995.

31. Skulachev VP, Why are mitochondria involved in apoptosis?
Permeability transition pores and apoptosis as selective mech-
anisms to eliminate superoxide-producing mitochondria and
cell. FEBS Lett 397: 7–10, 1996.

32. Broekemeier KM and Pfeiffer DR, Cyclosporin A-sensitive
and insensitive mechanisms produce the permeability transi-
tion in mitochondria. Biochem Biophys Res Commun 163:
561–566, 1989.

33. Nicotera P, Bellomo G and Orrenius S, Calcium-mediated
mechanisms in chemically induced cell death. Annu Rev
Pharmacol 32: 449–470, 1992.

34. Sone T, Yamada H and Endo H, Pharmacological studies of
stinging caused by parabens. J Jpn Cosmet Sci Soc 14: 8–16,
1990.

816 Y. Nakagawa and G. Moore


