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Alkyl-esters of p-hydroxybenzoic acid
(parabens) are having long history of usage as
preservatives in food, pharmaceuticals and in cos-
metics. Butyl p-hydroxybenzoic acid commonly
known as butylparaben (BP) belongs to this large
class of synthetic chemicals. Parabens are consid-
ered safe and extensively used due to its broad spec-
trum of antimicrobial activity, good pH and heat sta-
bility. Pharmacokinetic studies revealed that BP
readily gets absorbed from skin and gastrointestinal
tract, metabolized by liver, kidney and skin esteras-
es and gets excreted in the form of different conju-
gates (1). However, there is growing concern about
safety of BP as Darbre et al. has demonstrated that a
portion of BP can be absorbed and retained in body
tissues without hydrolysis by body esterases (2). In
in vitro and in vivo models, BP mimics estrogen
activity and act as potential xenoestrogen (3).
Studies showed that BP exerts reproductive, devel-
opmental as well as teratogenic toxicity in experi-
mental animals (4ñ7). 

Due to this widespread use and building toxi-
cological database a need arises to investigate mech-
anism of BP-induced toxicity. An in vitro study on
rat hepatocytes culture has shown a role of depleted
ATP, total adenine nucleotide pools and reduced
glutathione levels as major causes of the toxicity but
none of the study has stated the role of lipid peroxi-

dation (LPO) and antioxidative enzymes in it (8). A
selection of particular drug for amelioration of toxi-
city caused by a toxicant is generally based on the
mechanism of toxicity. The purpose of the present
investigation is to investigate whether butylparaben
exerted toxicity primarily involves its ability to
induce oxidative stress.

MATERIALS AND METHODS

Chemicals 

Butyl p-hydroxybenzoic acid was procured
from Hi-Media Laboratories Pvt. Ltd., Mumbai,
India and was of analytical grade. All the other
chemicals used were of AR grade.

Experimental animals 

Inbred adult, healthy female Swiss strain albi-
no mice weighing 30ñ35 g were obtained from
Torrent Research Centre, Bhat, Gandhinagar-382
428, India. Animals were kept in the Animal House
of Zoology Department of Gujarat University,
Ahmedabad, India under controlled conditions of
temperature (25 ± 2OC), 12 h light/dark cycle and
relative humidity (50ñ55%). They were fed with
certified pelleted rodent feed supplied by Amrut
Feeds, Pranav Agro Industries Ltd., Pune, India and
water ad libitum. All the experimental protocols
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were approved by the Committee for the Purpose of
Control and Supervision of Experiment on Animals
(Reg-167/1999/CPCSEA), New Delhi, India.
Animals were handled according to the guidelines
published by Indian National Science Academy,
New Delhi, India (1991).

Experimental Design 

Fifty animals were divided equally in five dif-
ferent groups (n = 10). Treatment schedule of the
animals was as follows. Animals from group I
(untreated control) were kept untreated and given
free access to food and water. Group II (vehicle con-
trol) animals were treated with olive oil (0.2
mL/day), which has been used as vehicle to dissolve
BP. Animals from group III, IV and V received
three different doses of BP (13.33, 20 and 40 mg/0.2
mL olive oil/kg b. w./day), respectively, which were
1/30th (LD), 1/20th (MD) and 1/10th (HD) of the LD50.
Oral treatments were given to all the animals for 30
days using a feeding tube attached to hypodermic
syringe. Animals were sacrificed on 31st day by cer-
vical dislocation and the liver was quickly isolated
and blotted free of the blood. 

Oxidative stress parameters assessment

Ten percent homogenate of liver tissue was
prepared in 0.1 M Tris-HCl (pH 7.4) buffer for the
estimation of malonaldehyde (MDA), catalase, glu-
tathione (GSH), glutathione transferase (GST) and
protein. The tissue (0.1 g) was homogenized in 10
mL of norit reagent prepared in 6% trichloroacetic
acid for estimation of total ascorbic acid content
(TAA). For superoxide dismutase (SOD), catalase,
glutathione peroxidase (GPx) and glutathione reduc-
tase (GR) 100 mg tissue was homogenized in 5 mL
of cold saline, 5 mL of 0.01% digitonin, 2 mL of
0.01% digitonin and in 5 ml of 1% bovine serum
albumin (BSA), respectively. Lipid peroxidation in
the liver tissue was measured by estimating MDA,
an intermediary product by the method of
Devasagayam (9). Protein content of the sample was
measured by the method of Lowry et al. (10) using
bovine serum albumin as standard. TAA was quan-
tified according to the method described by Roe and
Kuether (11). Oxidized ascorbic acid combines with
2,4-dinitrophenylhydrazine to form red color com-
plex which can be read colorimetrially. The method
described by Moron et al. (12) was used for glu-
tathione estimation, which is based on the reaction
with 5,5í-dithiobis(2-nitrobenzoic acid) (DTNB).
The colored complex formed was read at 412 nm.
NADPH-phenazine methosulfate ñ nitroblue tetra-
zolium formazan inhibition method was used to

measure SOD levels (13). Catalase estimation was
done according to the method described by Sinha et
al. (14) utilizing hydrogen peroxide as a substrate.
GPx activity was measured by the modified method
of Pagilla and Valentine (15). GR was assayed by
the method of Mavis and Stellwagen (16), which
involves conversion of oxidized glutathione to
reduced glutathione. The method described by
Habig et al. (17) was used to estimate GST, which is
based on the utilization of 1-chloro-2,4-dinitroben-
zene as substrate.

Statistical analysis

The data were statistically analyzed using one-
way analysis of variance (ANOVA) followed by
Turkeyís post hoc test. The results were expressed
as the means ± SEM. Statistical significance was
accepted with p < 0.05. Correlation coefficient was
measured to estimate the strength of linear associa-
tion between two variables. Pearsonís correlation
analysis was used to find the correlation between
lipid peroxidation and other parameters. 

RESULTS 

Lipid peroxidation

MDA levels of untreated control and vehicle
control were found to be almost equal. Figure 1
shows that all three doses (LD ñ 46.11%, MD ñ
128.83%, HD ñ 239.16%) of BP elevate MDA lev-
els in tissue as compared to control indicating high
tissue injury caused by lipid peroxidation. The
increase is significant (p < 0.05) and dose-dependent
(r = 0.937). 

Non-enzymatic antioxidants

No significant difference was observed in TAA
and GSH content of control groups (Figs. 2, 3).
Total ascorbic acid and glutathione content of liver
tissue was lowed significantly (p < 0.05) in the
groups orally administered with BP. A decrease in
TAA content in LD, MD and HD was 11.34%,
27.03%, 41.02%, respectively. For GSH levels, the
reduction was found to be 22.22%, 44.53% and
55.74% in LD, MD and HD groups, respectively.
The effect was dose-dependent for TAA (r =
ñ0.969) and GSH (r = ñ0.995). Maximum reduction
was found in group V having the highest dose of BP.

Enzymatic antioxidants

No significant alteration in SOD, CAT, GPx,
GR and GST were observed in different control
groups. Figures 4ñ8 show that oral administration of
BP for 30 days resulted in significantly (p < 0.05)
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reduced levels of SOD (LD ñ 17.93%, MD ñ
35.86%, HD ñ 66.84%), CAT (LD ñ 22.24%, MD ñ
39.43%, HD ñ 59.25%), GPx (LD ñ 16.07%, MD ñ
38.36%, HD ñ59.34), GR (LD ñ 12.26%, MD ñ
33.02%, HD ñ 48.58% ) and GST (LD ñ 14.03%,
MD ñ 27.06%, HD ñ 49.32%) as compared to con-
trol. Reductions in antioxidant enzyme activity were
highly dose-dependent (SOD r = ñ0.907, CAT r =
ñ0.948, GPx r = ñ0.969, GR r = ñ0.980, GST r =
ñ0.915). 

Pearsonís correlation analysis was used to find
the correlation between lipid peroxidation and other
enzymatic and non-enzymatic parameters. Strong
negative correlation was found between elevated
lipid peroxidation and reduced TAA (r = ñ0.99) and
GSH (r = ñ0.955) levels. Reductions in SOD (r =
ñ0.996), CAT (r = ñ0.977), GPx (r = ñ0.991), GR (r
= ñ0.989), GST(r = ñ0.994) activities were also
highly correlated with increased MDA levels of the
tissue. 

Figure 1. Effect of BP on lipid peroxidation in mice liver. Values
are expressed as the mean ± SEM, n = 10; * p < 0.05 as compared
to the vehicle control group. CON = untreated control, VC = vehi-
cle control, LD = low dose of BP (13.33 mg/0.2 mL olive oil/ kg
b.w./day), MD = mid dose of BP (20 mg/0.2 mL olive oil/ kg
b.w./day), HD = high dose of BP (40 mg/0.2 mL olive oil/ kg
b.w./day)

Figure 2. Effect of BP on reduced glutathione (GSH) content in
mice liver. Values are expressed as the mean ± SEM, n=10. * p <
0.05 as compared to the vehicle control group. Groups marking
see Figure 1

Figure 3. Effect of BP on total ascorbic acid (TAA) content in
mice liver. Values are expressed as the mean ± SEM, n = 10. * p
< 0.05 as compared to the vehicle control group. Groups marking
see Figure 1

Figure 4. Effect of BP on superoxide dismutase (SOD) in mice
liver. Values are expressed as the mean ± SEM, n = 10. * p < 0.05
as compared to the vehicle control group. Groups marking see
Figure 1
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DISCUSSION

Oxidative stress is a general term used to
describe the damage caused by reactive oxygen
species (ROS) such as superoxide (O2

.), hydrogen
peroxide (H2O2), and hydroxyl radical (.OH).
Numerous xenobiotics exert their toxicity by induc-
ing oxidative stress where there is insufficient
antioxidant activity leading to excessive accumula-
tion of free radicals, which damage cellular com-
pounds such as proteins, carbohydrates, DNA and
lipids (18). Since liver is the prime organ involved in
metabolism of these xenobiotics, it is prone to be
attacked by the free radicals produced by them
resulting in the tissue injury. Free radical damage is

generally combated by inbuilt enzymatic and non-
enzymatic antioxidant defense systems of body
which includes SOD, catalase, GPx, GST, GR, GSH
and ascorbic acid. 

Findings of the present study clearly indicate
the involvement of oxidative stress caused by ROS
generation in BP-induced hepatotoxicity. Measure-
ment of MDA levels in the tissue is a great marker of
lipid peroxidation which is among the chief mecha-
nism of cell damage. As the carbon numbers of alkyl
group attached on paraben increases, water solubili-
ty of the compounds decreases. Chemical structure
of BP makes it highly lipophilic in nature due to
which it can easily penetrate/interact with the lipid
membrane of the hepatocytes. Oral administration of

Figure 5. Effect of BP on catalase in mice liver. Values are
expressed as the mean ± SEM, n = 10. * p < 0.05 as compared to
the vehicle control group. Groups marking see Figure 1

Figure 6. Effect of BP on glutathione peroxidase (GPx) in mice
liver. Values are expressed as the mean ± SEM, n = 10. * p < 0.05
as compared to the vehicle control group. Groups marking see
Figure 1

Figure 7. Effect of BP on glutathione reductase (GR) in mice liver.
Values are expressed as the mean ± SEM, n = 10. * p < 0.05 as com-
pared to the vehicle control group. Groups marking see Figure 1

Figure 8. Effect of BP on glutathione-S-transferase (GST) in mice
liver. Values are expressed as the mean ± SEM, n = 10. * p < 0.05
as compared to the vehicle control group. Groups marking see
Figure 1
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BP for 30 days has resulted in significant elevation in
MDA levels which could be due to two possibilities:
1) either due to incorporation of BP moiety
itself/overproduced ROS by it in the plasma mem-
brane of cells; or 2) suppression of antioxidative sys-
tem by BP resulting in altered redox potential of cell
causing LPO and hence suggesting a considerable
hepatocytic oxidative stress. Administration of p-
hydroxybenzoic acid, parent component of BP in
mice for 30 days resulted in significant increase in
liver and kidney LPO levels (19). 

Reduced glutathione (GSH) and ascorbic acid
are important endogenous free radical scavenger and
non-enzymatic antioxidants. The levels of GSH and
TAA were significantly reduced in BP-treated ani-
mals. This reduction might be due to excessively pro-
duced free radicals which crosses the scavenging
potency of these antioxidants. Nakagawa and
Moldeus (8) had shown the reduction in GSH content
in BP exposed isolated hepatocytes, which supports
our study. Enzymatic antioxidants include SOD, cata-
lase, GPx and GST, which constitute the first line of
defense against ROS-induced damage (20, 21). GR
contributes to the regeneration of GSH, so the sup-
pressed activity of GR could be the reason for the
reduction of GSH content. The significantly reduced
activities of these enzymes might be due to BP-
induced protein oxidation. The interaction of LPO
products with enzyme molecules leads to the exclu-
sive modification of histidine residue and generation
of protein-protein crosslinked derivatives causing
reduction in enzyme activity (22). The results of the
correlation analysis have shown strong negative cor-
relation between LPO and the activities of enzymes.
Reduction in activity of antioxidative enzymes ren-
ders free radical scavenging potency of the system.

Thus it can be concluded that treatment of BP
for 30 days causes alteration in antioxidative sys-
tems as well as increases lipid peroxidation ulti-
mately causing oxidative stress in experimental ani-
mals. From this finding of the mechanism further
work on the suitable antidote to combat BP toxicity
can be designed.

Acknowledgment

The author would like to acknowledge univer-
sity grant commission (UGC), New Delhi, India for
their financial support. 

REFRENCES

1. Soni M.G., Carabin I.G., Burdoks G.A.: Food
Chem. Toxicol. 43, 985 (2005).

2. Darbre P.D., Alijarrah A., Miller W.R.,
Coldham N.G., Sauer M.J., Pope G.S.: J. Appl.
Toxicol. 24, 5 (2004).

3. Reisch M.S.: Chem. Eng. News 25 (2005).
4. Harvey P.W.: J. Appl. Toxicol. 23, 285 (2003). 
5. Oishi S.: Toxicol. Ind. Health 17, 31 (2001).
6. Oishi S.: Arch. Toxicol. 76, 423 (2002).
7. Kang K.S., Che J.H., Ryu D.Y., Kim T.W., Li

G.X., Lee Y.S.: J. Vet. Med. Sci. 64, 227
(2002).

8. Nakagawa Y., Moldeus P.: Biochem.
Pharmacol. 55, 1907 (1998). 

9. Devasagayam T.P.A.: Biochim. Biophys. Acta
876, 507 (1986).

10. Lowry O.H., Rosebrough N.J., Farr A.L.,
Randall R.J.: J. Biol. Chem. 193, 265 (1951).

11. Roe J.H., Kuether C. A.: J. Biol. Chem. 147,
399 (1943).

12. Moron M.S., Depierre W.J., Mannervik B.:
Biochim. Biophys. Acta 582, 67 (1979).

13. Kakkar P., Das B., Viswanathan P.N.: Ind. J.
Biochem. Biophys. 21, 130 (1984).

14. Sinha A.K.: Ann. Biochem. 47, 389 (1972).
15. Pagila D.E., Valentine W.N.: J. Lab. Clin. Med.

70, 158 (1967).
16. Mavis R.D., Stellwagen E.: J. Biol. Chem. 243,

809 (1968).
17. Habig W.H., Pabst M.J., Jakoby W.B.: J. Biol.

Chem. 249, 7130 (1974).
18. Beazley W.D., Gaze D., Panske A., Panzig E.,

Schallreuter K.U.: Br. J. Dermatol. 141, 301
(1999).

19. Verma R.J., Asnani V.: Acta Pol. Pharm. Drug
Res. 64, 217 (2009).

20. Droge W.: Physiol. Rev. 82, 47 (2002).
21. Halliwell B., Gutteridge J.M.C., Eds. Free

Radicals in Biology and Medicine, Clarendon
Press, Oxford 1989.

22. Kwon H.Y., Choi S.Y., Won M.H., Kang T.,
Kang J.H.: Biochim. Biophys. Acta 1543, 69
(2000).

Received: 23. 11. 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


