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Abstract
The aim of this study was to investigate the effectiveness of curcumin, b-myrcene (myrcene) and 1,8-cineole
(cineole) on antioxidant defense system in rats given a persistent environmental pollutant (2,3,7,8-tetrachlor-
odibenzo-p-dioxin, TCDD). Rats (n¼ 112) were divided randomly into 8 equal groups. One group was kept as
control and given corn oil as carrier. TCDD was orally administered at the dose of 2 mg/kg/week. Curcumin,
myrcene and cineole were orally administered at the doses of 100 mg/kg/day, 200 mg/kg/day and 100 mg/kg/
day, respectively, by gavages dissolved in corn oil with and without TCDD. The liver samples were taken from
half of all rats on day 30 and from the remaining half on day 60 for the determination of thiobarbituric acid
reactive substances (TBARS), reduced glutathione (GSH), catalase (CAT), glutathione peroxidase (GSH-Px)
and CuZn-SOD levels by spectrophotometric method. The results indicated that although TCDD significantly
(p� 0.01) increased formation of TBARS, it caused a significant decline in the levels of GSH, CAT, GSH-Px and
CuZn-SOD in rats. In contrast, curcumin, myrcene and cineole significantly increased GSH, CAT, GSH-Px and
CuZn-SOD levels but decreased formation of TBARS. Additionally, the antioxidative effects of curcumin, myr-
cene and cineole were increased at day 60 compared to day 30. In the TCDD groups given curcumin, myrcene
and cineole, oxidative stress decreased by time. In conclusion, curcumin, myrcene and cineole showed antiox-
idant activity and eliminated TCDD-induced oxidative stress in rats in a time-dependent manner.
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Introduction

2,3,7,8-Tetracholorodibenzo-p-dioxin (TCDD) is a

environmental contaminant that has been recently

found to produce some adverse effects in experimen-

tal animals (Alsharif and Hassoun, 2004; Hassoun

et al., 2004). TCDD is formed as an unwanted by-

product in the manufacture of chlorinated hydrocar-

bons. It is also formed in incineration processes, paper

and pulp bleaching and emissions from steel foundries

and motor vehicles (Latchoumycandane et al., 2003).

Much of the concern with exposure to TCDD is due to

their environmental and biological persistence,

which may result in the bioconcentration and

bioaccumulation of the chemicals up to the food chain

1 Department of Pharmaceutical Toxicology, Faculty of Pharmacy,
University of Inonu, Malatya, Turkey
2 Department of Biochemistry, Faculty of Science and Arts,
University of Inonu, Malatya, Turkey
3 Department of Pharmacology and Toxicology, Faculty of
Veterinary Medicine, University of Firat, Elazig, Turkey
4 Department of Physiology, Faculty of Medicine, University of
Inonu, Malatya, Turkey
5 Department of Emergency Medicine, Faculty of Medicine,
University of Inonu, Malatya, Turkey

Corresponding author:
Osman Ciftci, Department of Pharmaceutical Toxicology,
University of Inonu, Faculty of Pharmacy, 44 280, Malatya, Turkey
Email: ociftci@inonu.edu.tr

Toxicology and Industrial Health
000(00) 1–7
ª The Author(s) 2011
Reprints and permission:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0748233710388452
tih.sagepub.com

 at PENNSYLVANIA STATE UNIV on May 8, 2016tih.sagepub.comDownloaded from 

http://tih.sagepub.com/


(Guo et al., 2001). Therefore, long-term toxicity of

TCDD has been the major focus of several studies that

demonstrated histopathological changes, wasting syn-

drome, immunological disrupts and carcinomas after

subchronic and chronic exposures of mice and rats

(Ciftci et al., 2010; Hassoun et al., 2004; Slezak

et al., 2000). Several studies have demonstrated that

oxidative stress is an important constituent in the

mechanism of TCDD toxicity (Hassoun et al., 1998;

Slezak et al., 2000).

The liver has been long considered as a major tar-

get organ for the toxic effects of TCDD. It has been

shown to enhance in vitro and in vivo hepatic and

extrahepatic lipid peroxidation, decrease glutathione

(GSH) content, decrease hepatic membrane fluidity

increase DNA damage and decrease nonprotein sulf-

hydryl and NADPH content (Alsharif et al., 1990;

Stohs, 1990). Reactive oxygen species have been

implicated in TCDD-induced lipid peroxidation (Has-

soun et al., 1998) and DNA damage in the hepatic of

rodents and other animals (Alsharif and Hassoun,

2004; Hassoun et al., 2000, 2004; Slezak et al., 2000).

Curcumin, which gives the yellow color to tur-

meric derived from the Curcuma longa, is commonly

used as a spice in curries, food additive and also as a

dietary pigment (Aggarval et al., 2007). Curcumin

reportedly possesses several pharmacological proper-

ties including antioxidant, anti-inflammatory, anti-

viral, antimicrobial and antifungal activities (Araujo

and Leon, 2001). The antioxidant effect of curcumin

has been assessed in various in vitro systems and in

experimental animal systems (Kuhad et al., 2007).

The chemoprotective properties of curcumin have

also been extensively investigated and are linked to

its antioxidant activities (Piper et al., 1998). Myrcene

is an acyclic monoterpene found in the essential oils

of a large variety of useful plants such as lemongrass,

hop, verbena, bay and others (De-Oliveira et al.,

1997). Myrcene is mainly used in the manufacturing

of cosmetics fragranced products in shampoos,

soaps and detergents. It has antioxidant and antibac-

terial properties (Mitić-Culafić et al., 2009). Cineole,

also known as eucalyptol or cajeputol, is a colorless

substance bearing a strong odor. This substance is

present in a large quantity of plants such as Rosmar-

inus officinalis and various species of the eucalyptus

gender (Ferreira da-silva et al., 2009). This com-

pound was reported to have various pharmacological

effects, such as smooth-muscle relaxant, anti-

inflammatory, antioxidant and hypotensive (Ferreira

da-silva et al., 2009).

The protective effects of many substances obtained

from plants on oxidative stress are well known. As

curcumin, myrcene and cineole have antioxidant

properties, they can successfully be used against side

effects of TCDD. Therefore, the aim of the current

study was to produce oxidative stress in rats by TCDD

and to compare the effectiveness of curcumin, myr-

cene and cineole on reversing TCDD-induced oxida-

tive damage in rat liver.

Materials and Method

Chemicals

2,3,7,8-TCDD (purity >99%) was obtained from

Accustandart, Inc. (New Haven, Connecticut, USA).

All other chemicals, including curcumin, myrcene

and cineole, were purchased from Sigma Chemical

Co. (St Louis, Missouri, USA) and were of analytical

grade or of the highest grade available.

Animals and Treatment

A total of 112 healthy young adult female Spraque-

Dawley rats (between 3 and 4 months old and 280-

310 g in weight) were obtained from Experimental

Animal Institute, Elazig, Turkey, for this experiment.

Animals were housed in sterilized polypropylene rat

cages, in 12-h light-dark cycle, at an ambient tem-

perature of 21�C. Diet and drinking water were given

ad libitum. Experiments were performed based on

animal ethics guidelines of Institutional Animals

Ethics Committee.

Rats were randomly divided into 8 equal groups

(n ¼ 14 in each group). Group 1 served as negative

control and received only corn oil (Control). In group

2 (TCDD group or positive control), TCDD, stock

solution dissolved in acetone was diluted with corn oil,

and then the acetone was evaporated under nitrogen

before administration. TCDD was orally administered

at the dose of 2 mg/kg/week by gavages. Rats in the

groups 3, 4, 5 were treated with curcumin (group 3),

myrcene (group 4) and cineole (group 5), suspended

in corn oil, at the doses of 100 mg/kg/day, 200 mg/

kg/day and 100 mg/kg/day, respectively, by gavages.

In groups 6, 7, 8, rats were treated with TCDD and

curcumin (TCDD þ curcumin group), myrcene

(TCDD þ myrcene group), cineole (TCDD þ cineole

group) at the same time. Tissue samples were taken

firstly at 30th day from seven animals of each group

and then at 60th days from the remaining seven ani-

mals. The animals were sacrificed under slight ether
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anesthesia and the livers were immediately removed

and dissected over ice-cold glass. Tissues were stored

at �45�C in deepfreeze until analysis.

The homogenization of tissues was carried out in

Teflon glass homogenizer with 150 mM KCl (pH

7.4) to obtain 1:10 (w/v) dilution of the whole homo-

genate. The homogenates were centrifuged at 18,000

x g (4�C) for 30 min to determine thiobarbituric acid

reactive substances (TBARS), reduced glutathione

(GSH) levels and catalase (CAT) activities and at

25,000 x g for 50 min to determine glutathione perox-

idase (GSH-Px) activities.

Biochemical assay

The levels of homogenized tissue TBARS, as an

index of lipid peroxidation, were determined by

thiobarbituric acid reaction using the method of Yagi

(1998). The product was evaluated spectrophotome-

trically at 532 nm and results are expressed as nmol/g

tissue.

The GSH content of the liver homogenate was

measured at 412 nm using the method of Sedlak and

Lindsay (1968). The GSH level was expressed as

nmol/mg protein.

CuZn-SOD activity was measured by the inhibition

of nitroblue tetrazolium (NBT) reduction due to O2
�

generated by the xanthine/xanthine oxidase system

(Sun et al., 1988). One unit of SOD activity was

defined as the amount of protein causing 50% inhibi-

tion of the NBT reduction rate. The product was eval-

uated spectrophotometrically at 560 nm. Results are

expressed as IU/mg protein.

CAT activity of tissues was determined according

to the method of Aebi (1974). The enzymatic decom-

position of H2O2 was followed directly by the

decrease in absorbance at 240 nm. The difference in

absorbance per unit time was used as a measure

of CAT activity. The enzyme activities are given in

k/mg protein.

GSH-Px activity was measured by the method of

Paglia and Valentina (1967). In the presence of glu-

tathione reductase and NADPH, the oxidized glu-

tathione (GSSG) is immediately converted to the

reduced form with a concomitant oxidation of

NADPH to NADP. The decrease in absorbance at

340 nm was measured. GSH-Px activity is expressed

as IU/mg protein.

Determination of protein content. Tissue protein content

was determined according to the method developed

by Lowry et al. (1951) using bovine serum albumin

as standard.

Statistical analysis

All values were presented as mean + SEM. Differ-

ences were considered to be significant at p � 0.01.

Statistical analyses were performed using one-way

ANOVA and post hoc Tukey’s significant difference

test by SPSS/PC computer program (SPSS Inc., Chi-

cago, Illinois, USA).

Results

The liver SOD, GSH-Px, CAT, GSH and TBARS lev-

els are given in Table 1 for day 30. In rats treated with

TCDD for 30 days, liver SOD, GSH-Px, CAT and

GSH levels were significantly (p � 0.01) decreased

whereas TBARS levels were significantly (p �
0.01) increased compared with negative control and

other groups. In general, curcumin, myrcene and

cineole increased SOD, GSH-Px, CAT, GSH levels

while reducing TBARS levels. These substances

when given together with TCDD brought SOD,

GSH-Px, CAT, GSH and TBARS levels closer to the

control level.

The levels of SOD, GSH-Px, CAT, GSH and

TBARS are given for day 60 (Table 2). The liver

SOD, GSH-Px, CAT and GSH levels were highly sig-

nificantly (p � 0.01) decreased whereas TBARS lev-

els were highly significantly (p � 0.01) increased in

TCDD group compared with negative control and

other groups. On day 60, curcumin, myrcene and

cineole significantly (p � 0.01) increased SOD,

GSH-Px, CAT, GSH levels while reducing TBARS

levels. Curcumin, myrcene and cineole when given

together with TCDD, increased (p � 0.01) SOD,

GSH-Px, CAT, GSH but decreased TBARS levels

in rat liver.

We showed that duration of drug administration

significantly altered oxidative stress (Tables 1 and

2). The lipid peroxidation was significantly (p �
0.01) higher in rats treated with TCDD for 60 days

compared with rats treated with TCDD for 30 days.

For this reason, we determined that TCDD induced

oxidative stress in a time-dependent manner. The

antioxidative effects of curcumin, myrcene and

cineole were increased at day 60 compared to day

30. In the TCDD groups given curcumin, myrcene

and cineole, oxidative stress decreased by time.
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Discussion

In the current study, antioxidant enzymes decreased

but lipid peroxidation increased in liver tissue sam-

ples reflecting oxidative stress induced by TCDD. A

similar effect is equivocally observed by the other

studies (Alsharif et al., 1990; Hassoun et al., 2000,

2004). Additionally, several workers (Alsharif and

Hassoun, 2004; Hassoun et al., 2000; Sweeney

et al., 1984) demonstrated that the liver is a major

organ for toxic effects of TCDD revealed by histo-

pathological changes and biochemical liver function

tests. Although these variables were not assessed in

the current study, our results clearly show that TCDD

negatively affects liver function and this is reversed

by the antioxidative substances (curcumin, myrcene,

cineole) used.

TCDD and oxidative balance

Our study shows that TCDD produces time-dependent

increases in the formation of TBARS levels in the

liver. Many other studies reported that similar

increases in TBARS formation in the liver, kidney,

thymus and brain tissues from TCDD-treated animals

(Alsharif and Hassoun, 2004; Dhanabalan and

Mathur, 2009; Hassoun et al., 2003, Slezak et al.,

2000). Besides, we determined that GSH levels in rats

treated with TCDD significantly decreased time-

dependency. Similarly, Hassoun et al. (2006) showed

that subchronic treatment of rats with TCDD resulted

in significant suppression of GSH levels. On the other

hand, Hung et al. (2006) claimed that the total GSH

level increased in mice treated with TCDD. We think

that this difference could be due to the single and low

dose of TCDD used in the study of Hung et al. (2006).

Additionally, in current study, we showed that

SOD, CAT and GSH-Px activity in the liver of rats

treated with TCDD were significantly reduced time-

dependently. These results agree with previous

studies (Dhanabalan and Mathur, 2009; Hassoun

et al., 2006; Lim et al., 2007). Therefore, our results

clearly demonstrate that TCDD induces oxidative

damage in the liver of the rats.

Curcumin and oxidative balance

Curcumin treatment at the doses of 100 mg/kg/day for

30 or 60 days significantly reduced lipid peroxidation

in TCDD-treated rats. There are a few reports that

describe the antioxidant effects of curcumin against

lipid peroxidation. Suryanarayana et al. (2007)

showed that curcumin significantly inhibited formation

of TBARS in the liver tissues of diabetic rats. Similarly,

curcumin significantly and dose-dependently attenu-

ated lipid peroxidation in cisplatin-treated rats (Kuhad

et al., 2007).

Curcumin treatment in the current study increased

GSH levels time-dependently, as revealed also by

Kaur et al. (2006), and it prevented a decrease in GSH

levels by TCDD. Additionally, we showed that curcu-

min increased the activities of SOD, CAT and GSH-

Px in liver. Similarly, previous study (Kalpana

et al., 2007) has shown that curcumin is potent indu-

cer of detoxifying enzymes and thereby prevent the

toxicity induced by chemical carcinogens. Kaur

et al. (2006) demonstrated that curcumin significantly

attenuated hepatic dysfunction along with lipid perox-

idation and restored the levels of GSH in rats. There-

fore, it is obvious that curcumin level used in the

current study positively affects oxidative balance and

seems to be beneficial for reversing the negative

effects of TCDD.

Myrcene, cineole and oxidative balance

Our study showed that myrcene and cineole signifi-

cantly and time-dependently decreased TBARS levels

in rats. Myrcene and cineole increased the level of

GSH and the activities of SOD, CAT and GSH-Px in

liver. To the best of our knowledge, there is no study

on the effects of myrcene and cineole on lipid peroxi-

dation, GSH level and antioxidant enzyme activities in

rat. However, a few studies (Wang et al., 2005) indicate

that monoterpenes have effective antioxidant proper-

ties. Similarly, previous studies (Lima et al., 2004;

Mitić-Culafić et al., 2009) have shown that myrcene-

and cineole-containing plants are potent inducers of

detoxifying enzymes and thereby prevent the oxidative

damage. Additionally, a few studies indicate that the

myrcene, cineole and other some monoterpenes effi-

ciently protect bacterial and human cells against oxida-

tive damage (Wang et al., 2008; Mitić-Culafić et al.,

2009). Together with the evidences obtained from the

above studies, the current study indicates that myrcene

and cineole protects rat liver from oxidative damage

induced by TCDD.

Conclusion

The present study shows that (1) TCDD at 2 mg/kg/

week induces oxidative damage in rats in a time-

dependent manner; (2) curcumin (100 mg/kg/day),

cineole (100 mg/kg/day) and myrcene (200 mg/kg/
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day) had strong antioxidatıve potentials and (3) these

substances appears to have protective effects against

the oxidative damage induced by TCDD treatment.

Furthermore, the highest protective effects were

observed for curcumin followed by cineole and b-

myrcene. Thus, curcumin, cineole and myrcene,

which reduce oxidative stress, may be useful as a new

category of anti-TCDD toxicity agent. Their protec-

tive effect lends more support to the role of oxidative

stress in the overall toxicity of TCDD.

Funding

This study was supported by Scientific and Technical

Research Council of the Turkish Republic (TUBITAK) and

Scientific Research Fund of Inonu University (IUBAP)

under Grant 106O815, 2009/24, respectively.

References

Aebi H (1974) Catalase. In: Bergmeyer HU (ed.) In Meth-

ods of Enzymatic Analysis. New York: Academic Press,

673–677.

Aggarval BB, Sundaram C, Malani N, and Ichikawa H

(2007) Curcumin: the Indian solid gold. Advances in

Experimental Medicine and Biology 595: 1–75.

Alsharif NZ, Grandjean CJ, Murray WJ, and Stohs SJ

(1990) 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)-

induced decrease in the fluidity of rat liver membranes.

Xenobiotica 20: 979–988.

Alsharif NZ and Hassoun EA (2004) Protective effects of

vitamin A and vitamin E succinate against 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD)-induced body

wasting, hepatomegaly, thymic atrophy, production of

reactive oxygen species and DNA damage in C57BL/

6J mice. Basic Clinical Pharmacology and Toxicology

95: 131–138.

Araujo CC and Leon LL (2001) Biological activities of

Curcuma longa. L. Memorias do Instituto Oswaldo Cruz

96: 723–728.

Ciftci O, Tanyıldızı S, and Godekmerdan A (2010) Protec-

tive effect of curcumin on immune system and body

weight gain on rats intoxicated with 2,3,7,8-

Tetrachlorodibenzo-p-dioxin (TCDD). Immunopharma-

cology and Immunotoxicology 32: 99–104.

De-Oliveira AC, Ribeiro-Pinto LF, and Paumgartten JR

(1997) In vitro inhibition of CYP2B1 monooxygenase

by beta-myrcene and other monoterpenoid compounds.

Toxicology Letters 92: 39–46.

Dhanabalan S and Mathur PP (2009) Low dose of 2,3,7,8

tetrachlorodibenzo-p-dioxin induces testicular oxidative

stress in adult rats under the influence of corticosterone.

Experimental and Toxicologic Pathology 61: 415–423.

Ferreira-Da-Silva FW, Barbosa R, Moreira-Junior L, Dos

Santos-Nascimento T, De Oliveira-Martins MD,

Coelho-DE-Souza AN, et al. (2009) Effects of 1,8-

cineole on electrophysiological parameters of neurons

of the rat superior cervical ganglion. Clinical and

Experimental Pharmacology and Physiology 36:

1068–1073.

Guo X, Longnecker MP, and Michalek JE (2001) Relation

of serum tetrachlorodibenzo-p-dioxin concentration to

diet among veterans in the Air Force Health Study with

background-level exposure. Journal of Toxicology and

Environmental Health A 63: 159–172.

Hassoun EA, Al-GhafriM,and AbushamanA (2003) The role

of antioxidant enzymes in TCDD-induced oxidative stress

in various brain regions of rats after subchronic exposure.

Free Radical Biology and Medicine 35: 1028–1036.

Hassoun EA, Li F, Abushaman A, and Stohs SJ (2000)

The relative abilities of TCDD and its congeners to

induce oxidative stress in the hepatic and brain tissues

of rats after subchronic exposure. Toxicology 145:

103–113.

Hassoun EA, Vodhanel J, and Abushaban A (2004) The

modulatory effects of ellagic acid and vitamin E suc-

cinate on TCDD-induced oxidative stress in different

brain regions of rats after subchronic exposure. Jour-

nal of Biochemical and Molecular Toxicology 18:

96–203.

Hassoun EA, Vodhanel J, Holden B, and Abushaban A

(2006) The effects of ellagic acid and vitamin E succi-

nate on antioxidant enzymes activities and glutathione

levels in different brain regions of rats after subchronic

exposure to TCDD. Journal of Toxicology and Environ-

mental Health A 69: 381–393.

Hassoun EA, Wilt SC, Devito MJ, Van Birgelen A,

Alsharif NZ, Birnbaum LS, et al. (1998) Induction of

oxidative stress in brain tissues of mice after subchronic

exposure to 2,3,7, 8-tetrachlorodibenzo-p-dioxin. Toxi-

cological Sciences 42: 23–27.

Hung YC, Huang GS, Sava VM, Blagodarsky VA, and Hong

MY (2006) Protective effects of tea melanin against

2,3,7,8-tetrachlorodibenzo-p-dioxin-induced toxicity:

antioxidant activity and aryl hydrocarbon receptor sup-

pressive effect. Biological and Pharmaceutical Bulletin

29: 2284–2291.

Kalpana C, Sudheer AR, Rajasekharan KN, and Menon VP

(2007) Comparative effects of curcumin and its synthetic

analogue on tissue lipid peroxidation and antioxidant sta-

tus during nicotine-induced toxicity. Singapore Medical

Journal 48: 124–130.

Kaur G, Tirkey N, Bharrhan S, Chanana V, Rishi P, and

Chopra K (2006) Inhibition of oxidative stress and

6 Toxicology and Industrial Health 000(00)

 at PENNSYLVANIA STATE UNIV on May 8, 2016tih.sagepub.comDownloaded from 

http://tih.sagepub.com/


cytokine activity by curcumin in amelioration of

endotoxin-induced experimental hepatoxicity in rodents.

Clinical and Experimental Immunology 145: 313–321.

Kuhad A, Pilkhwal S, Sharma S, Tirkey N, and Chopra K

(2007) Effect of curcumin on inflammation and oxida-

tive stress in cisplatin-induced experimental nephrotoxi-

city. Journal of Agriculture and Food Chemistry 55:

10150–10155.

Latchoumycandane C, Chitra KC, and Mathur PP (2003)

2,3,7,8-tetrachlorodibenzo- p-dioxin (TCDD) induces

oxidative stress in the epididymis and epididymal sperm

of adult rats. Archives of Toxicology 77: 280–284.

Lim J, Dewitt JC, Sanders RA, Watkins JB 3rd, and Henshel

DS (2007) Suppression of endogenous antioxidant

enzymes by 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced

oxidative stress in chicken liver during development.

Archives of Environmental and Contamination Toxicol-

ogy 52: 590–595.

Lima CF, Carvalho F, Fernandes E, Bastos ML, Santos-

Gomes PC, Fernandes-Ferreira M, et al. (2004) Evaluation

of toxic/protective effects of the essential oil of Salvia

officinalis on freshly isolated rat hepatocytes. Toxicology

In Vitro 18: 457–456.

Lowry OH, Rosebrough NJ, Farr AL, and Randall RI

(1951) Protein measurement with folin phenol reagent.

Journal of Biologial Chemistry 193: 265–275.

Mitic-Culafic D, Zegura B, Nikolic B, Vukovic-Gacic B,

Knezevic-Vukcevic J, and Filipic M (2009) Protective

effect of linalool, myrcene and eucalyptol against t-

butyl hydroperoxide induced genotoxicity in bacteria

and cultured human cells. Food and Chemical Toxicol-

ogy 47: 260–266.

Paglia DE and Valantine WN (1967) Studies on the quan-

titative and qualitative characterization of erythrocyte

glutathione peroxidase. Journal of Laboratory and Clin-

ical Medicine 70: 158–169.

Piper J, Singhal S, Salameh M, Torman R, Awasthi Y, and

Awasthi S (1998) Mechanisms of anticarcinogenic

properties of curcumin: the effect of curcumin on

glutathione linked detoxification enzymes in rat liver.

International Journal of Biochemistry and Cellular

Biology 30: 445–456.

Sedlak J and Lindsay RH (1968) Estimation of total,

protein-bound, and nonprotein sulfhydryl groups in tis-

sue with Ellman’s reagent. Analytical Biochemistry

25: 192–205.

Slezak BP, Hatch GE, Devito MJ, Diliberto JJ, Slade R,

Crissman K, et al. (2000) Oxidative stress in female

B6C3F1 mice following acute and subchronic exposure

to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Toxico-

logical Sciences 54: 390–398.

Stohs SJ (1990) Oxidative stress induced by 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD). Free Radical

Biology and Medicine 9: 79–90.

Sun Y, Oberley LW, and Li YA (1988) Simple method for

clinical assay of superoxide dismutase. Clinical Chemis-

try 34: 497–500.

Suryanarayana P, Satyanarayana A, Balakrıshna N, Kumar

PU, and Reddy GB (2007) Effect of turmeric and curcu-

min on oxidative stress and antioxidant enzymes in

streptozotocin-induced diabetic rat. Medical Science

Monitor 13: 286–292.

Sweeney G, Basford D, Rowley B, and Goddard G (1984)

Mechanisms underlying the hepatotoxicity of 2,3,7,8-

tetrachlorodibenzo-p-dioxin. In: Poland A and Kim-

brough R (eds) Biological Mechanisms of Dioxin

Action. Banbury report 18. New York, NY: Cold spring

Harbor, 225–239.

Wang G, Tang W, and Bidigare RR (2005) Terpenoids as

therapeutic drugs and pharmaceutical agents. In: Zhang

L and Demain AL (eds) Natural Products: Drug

Discovery and Therapeutic Medicine. Totowa: Humana

Press, 197–227.

Wang W, Wu N, Zu YG, and Fu YJ (2008) Antioxidative

activity of Rosmarinus officinalis L. essential oil

compared to its main components. Food Chemistry

108: 1019–1022.

Yagi K (1998) Simple assay for the level of total lipid

peroxides in serum or plasma. Methods in Molecular

Biology 108: 101–106.

Ciftci et al. 7

 at PENNSYLVANIA STATE UNIV on May 8, 2016tih.sagepub.comDownloaded from 

http://tih.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


