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ABSTRACT 
 
 2,3,7,8-Tetra Chlorodibenzo-P-Dioxin (TCDD) is a highly persistent trace environmental contaminant 
known. TCDD and environmental chemicals may induce oxidative stress leading to generation of free radicals 
and alternation in antioxidants or oxygen free scavenging enzymes. Medicinal plants and their active principle 
have received great attention as potential antiperoxidative agents, therefore this study aimed to investigate the 
effect of turmeric powder (Cucrcuma longa L.) on oxidative stress and hepatotoxicity induced by TCDD in rats. 
The intake of  20ppm TCDDfor 6 weeks showed high significant increase in alanine amino transferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP) activities (liver functions), malonaldhyde (MDA) 
and L- γ -gIutamyl transferase (γ GT). Enzymes, such as super-oxide dismutase (SOD), glutathione peroxidase 
(GPx) and catalase (CAT) are the main system that apposes oxidation. The activity of these antioxidant defense 
enzymes showed a marked depletion in rats fed on 20 ppm TCDD contaminated diet.  However, 1% turmeric 
powder supplemented to TCDD treated group significantly alleviated SOD, GPx, CAT and significantly 
improved the levels of ALT, AST, ALP, MDA and γ GT. The results indicate that TCDD induced oxidative 
stress and hepatotoxicity and highlight the potential protective action of turmeric against TCDD toxicity. These 
results suggest that turmeric exerts its protective activity by inhibiting the production of free radicals and acts as 
scavenger, reducing the free radical generation through the induction of antioxidant defense system.  
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Introduction 
 
 Dioxins are a group of chemically related compounds that are persistent environmental pollutants, they are 
found throughout the world in the environment and they accumulate in the food chain, mainly in the fatty tissue 
of animals. More than 90% of human exposure is through food chain, mainly meat and dairy products, fish and 
shellfish. Dioxins are highly toxic and can cause reproductive and developmental problems, damage the immune 
system, interfere with hormones and also cause cancer (WHO, 2010).  
 The prototypical representative of dioxins is 2,3,7,8-Tetra Chlorodibenzo-P-Dioxin (TCDD), which is one 
of the most potent man-made toxicants known. TCDD exposure in experimental animals results in an array of 
tissue and species-specific responses, including, dermal toxicity, immunotoxicity, hepatotoxicity, 
carcinogenicity, teratogencity, neurobehavioral endocrine and numerous other biochemical alternations 
(Spitsbergen et al., 1986; Mann, 1997; Grinwis et al., 2000; El-Sabeawy et al., 2001; Zodrow et al., 2004; NTP, 
2006). An additional response is oxidative stress following exposure to TCDD (Slezak et al., 2000; Ciftci et al., 
2011). Oxidative stress can be viewed as the disturbance in the oxidant-antioxidant balance in favor of the 
former. Oxidative stress from TCDD exposure in laboratory animals increases the production of reactive oxygen 
species (ROS), lipid peroxidase and DNA damage (Aly and Domenech, 2009).  
 Due to omnipresence of dioxins, all people have background exposure, which is no expected to affect 
human health, however, due to the highly toxic potential of this class of compounds efforts need to be 
undertaken to reduce current background exposure (WHO, 2010).  
 Medicinal plants and their active principle have received great attention as potential antiperoxidative agent 
(Lee and Park, 2003). Free radicals produced due to overproduction of reactive oxygen species (ROS) induced 
by exposure to external oxidant substances or due to a failure in the defense mechanisms form the causative 
agents of several diseases including arthritis, hemorrhagic shock, heart disease, ageing, Parkinson's disease, 
amyotrophic lateral sclerosis, altered immunity, gastric ulcer, inflammation, cataract, and cancer (Liju  et al., 
2011). It is possible to reduce the risks of chronic diseases and prevent disease progression by either enhancing 
the body's natural antioxidant defense or by supplementing with dietary antioxidants (El-Agamy 2010;    Liju et 
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al., 2011). The rhizomc of Curcuma longa L (turmeric) has been widely used as a spice and coloring agent in 
many foods. In the tropical region of Asia, turmeric has also been used as a traditional remedy for treatment of 
inflammation other disease (Tayyem etal., 2006). The plant extracts or the active curcuminoids were found to 
have potent inhibitors of lipid peroxidation and free radical scavenging activity (Sreejayan and Rao, 1994, 
1996), antifungal (Lee, et al., 2003), anticancer, antimutagenic activities (Suresh etal., 2006), antioxidative 
(Jayaprakasha, et al., 2006 & 2007; Cousins et al., 2007), antiviral, antibacterial (Singh et al., 2010) and 
immunodulatory properties (Varalakshmi, et al., 2008; Yue et al., 2010; Alambra et al., 2012). Turmeric 
extracts have also shown hepato- and cardioprotective, (Mohanty et al., 2004; Rivera-Espinoza et al., 2006). 
Recent in vitro and in vivo studies and clinical trials in China and USA suggest that curcumin might be one of 
the most promising compounds for the development of Alzheimer's disease therapies (Hamaguchi et al., 2010). 
The active constituents of turmeric are the flavonoid, curcumin (diferuloylmethane), phenolic compounds, 
terpenoids and various volatile oils, including tumerone, atlantone and zingiberone. Its main yellow bioactive 
substances of raw tumeric are curcumin and two related demethoxy compounds, demethoxycurcumin and 
bisdemethoxycurcumin (Jayaprakasha et al., 2006; Pothitirat and Gritsanapan, 2006). Therefore this study 
aimed to investigate the effect of Cucrcuma longa L. (Turmeric) on oxidative stress and hepatotoxicity induced 
by TCDD in rats. 
  
Materials and Methods 
 
Chemicals: 
 
 Tetra- Chlorodibenzo-P-Dioxin (TCDD) was purchased from Qmx Laboratories LTd. All chemicals used in 
this study were obtained from sigma Company (St. Louis, USA). Commercial kits were purchased from 
BioMerieux Company (L'Etoile, France) and from Eagle Diagnostics (Dollas, TX, USA). 
 
Plant material: 
 
 Experimental plant turmeric (Cucrcuma longa L.) was obtained from Saudi Arabia local market in 
powdered form. 
 
Animals: 
 
 Three to four weeks old male albino rats were obtained from the Animal House Colony, Giza, Egypt. Rats 
were housed on a 12 h light-12 h dark schedule, and fed with water ad-libitum for 6 weeks. All rats were 
adapted for three days on the control diet before the beginning of the experiment. 
 
Experimental design: 
 
 The basal diet was prepared according to the description of the National Research Council, (1978). The rats 
were randomly divided into four groups each of 10 animals and treated 6 weeks as follows: the first group 
received basal diet (negative control), the second group received basal diet contaminated with 20ppm of  TCDD 
(positive control), and the third group fed on basal diet supplemented with 1% turmeric powder. The fourth 
group received basal diet contaminated with 20ppm TCDD and supplemented with 1% turmeric powder  
 
Biochemical analysis: 
 
 At the end of the experiment rats were fasted overnight and anesthetized with diethyl ether. Blood samples 
were collected in clean dry centrifuge tubes from hepatic portal vein. All blood samples were centrifuged for 15 
min at 3000 rpm to separate the serum. The clear serum was kept frozen at -20°C till analysis. The toxicity of 
TCDD and the protective effect of turmeric against TCDD toxicity were evaluated by assayed the following 
parameters:  
 
Measurement of liver function enzymes and L- γ -GIutamyl transferase: 
 
 Liver functions included serum transaminases, alanine aminotransferase (ALT), aspartate aminotransferase 
(AST) activities according to the method of Reitman and Frankel (1957), alkaline phosphatase (ALP) by the 
method of Roy (1970). Kinetic Colorimetric method was used for the determination of L- γ -GIutamyl 
transferase according to Szasz (1969). 
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Determination of oxidative stress parameters: 
 
 Lipid peroxide (malonaldhyde, MDA) was determined according to the method of (Satoh, 1979). 
Glutathione peroxidase (GPx) was measured by the method of Paglia and Valentine (1967).Superoxide 
dismutase (SOD) was determined according to the method of Nishikimi et al. (1972). Serum Catalase activity 
(CAT) was determined according to the method of Fossati and Principe, 1982 and Aebi 1984. 
 
Statistical analysis: 
 
 Data were subjected to analysis of variance (ANOVA) and computing using the SAS General Linear Model 
producer (SAS, 2004).  
 
Results and Discussion 
 
Liver function enzymes: 
 
 The results in Fig (1) showed that 20ppm TCDD treated diet caused very significant increased (P≤0.001) on 
serum liver function enzymes ALT, AST and ALP compared with rats fed on basal diet (control). TCDD 
induces hepatocyte toxicity and mitochondrial dysfunction by a mechanism involving generation of ROS (Aly 
and Domenech, 2009). However, 1% turmeric (Cucrcuma longa L.) supplemented to 20ppm TCDD treated 
group showed high significant improvment (P≤0.001) in liver functions, indicate on improvement in the 
functional status of liver cells.Černý et al., (2011) reported that the liver protection was clearly demonstrated by 
the significant decrease in serum aminotransferases (ALT, AST) after curcumin (the main constitue of turmeric) 
pretreatment in curcumin - D-galactosamine - lipopolysaccharide rats. Turmeric’s hepatoprotective effect is 
mainly a result of its antioxidant properties, as well as its ability to decrease the formation of pro-inflammatory 
cytokines, free radical scavenging, ROS scavenging ability and cell proliferation activity in cell line (Suhit et 
al., 2010). 
 It is noted that rats given the basal diet with turmeric have enzymes activities lower than those not given 
turmeric. This means that turmeric is effective against any inflammatory condition that can affect the liver. The 
anti-inflammatory effect of turmeric was reported before by Hanai and Sugimoto, (2009). C. longa’s anti-
inflammatory properties may be attributed to its ability to inhibit both biosynthesis of inflammatory 
prostaglandins from arachidonic acid, and neutrophil function during inflammatory states (Tayyem et al., 2006; 
Hanai and Sugimoto, 2009). 
 
Gamma Glutamyl transferase: 
 
 Serum γ-glutamyl transferase level was markedly elevated (P≤0.001), in contaminated diet with 20 ppm 
TCDDcompared with the non-contaminated diet as shown in Fig (2). Low level of this enzyme in blood is 
indicative to liver injury, (Ruppin et al. 1982). This means that the injurious effect of TCDD on the liver is 
marked. On the other hand, when 1% turmericpowder was added to the 20ppm TCDD contaminated diet, the 
activity of the enzyme returned to normal as basal diet. This proves the potential protective action of turmeric 
against TCDD toxicity. Turmeric seems to have the ability to promote liver metabolite processes that lead to 
detoxification. This finding agrees with similar study by Rivera-Espinoza and Muriel., (2006) who confirmed 
the hepato-protective efficacy of curcumin. 
 
Oxidation state: 
 
 The results in Fig (3) illustrated that rats fed on the 20ppm TCDD contaminated diet showed a remarkable 
increased (P≤0.001) in the value of lipid peroxidase (malondialdehyde) compared with rats fed on basal diet 
(control). This compound is the breakdown product of the major chain reactions leading to oxidation of 
polyunsaturated fatty acid and thus serves as a marker of oxidative stress in the body (Bhadauria et al., 2007). 
Oxidative stress can be viewed as the disturbance in the oxidant-antioxidant balance in favor of the former. It is 
well established that acute high-dose exposure to TCDD results in oxidative stress in multiple tissues and 
species. Oxidative stress from TCDD exposure in laboratory animals increases the production of reactive 
oxygen species (ROS), lipid peroxidation, and DNA damage (Alsharief et al., 1994; Slezak, et al., 2000; Aly 
and Domenech, 2009). 
 On the other hand, 1% turmeric was added to the 20ppm TCDD contaminated diet, lipid peroxidase 
(malondialdehyde) level was much significantly lower (P≤0.001) than that of rats given the contaminated diet 
only. This means that turmeric succeeded to break the chain reactions that lead to production of 
malondialdehyde. Many studies confirmed that antioxidants supplied by sources rich in polyphenols such as 
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flavonoids, phenolic acids and alcohols are essential for counteracting oxidation stress (Laguerre et al., 
2007).The ability of turmeric to alleviate that state of oxidation stress is attributed to its content of the natural 
polyphenol that possess antioxidant character (Pothitirat and Gritsanapan, 2006). 
 

 
 
Fig. 1: Effect of C.longa on serum level of ALT, AST and ALP enzymes in TCDD intoxicated rats. 
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Fig. 2: Effect of C.longa on serum level of γ- Glutamyl transferase in TCDD intoxicated rats. 
 

 
 
Fig. 3: Effect of C.longa on malonedialdehyde level in TCDD intoxicated rats. 
 
Antioxidant enzymes: 
 
 Enzymes such as glutathion peroxidase, superoxide dismutase and catalase are the main system that 
opposes oxidation. The activity of these enzymes in Fig (4) showed a marked depletion (P≤0.001) when rats fed 
on 20ppm TCDD contaminated diet compared with rats fed on basal diet (control). The depletion of oxidative 
enzymes after TCDD exposure was observed by (Kern et al., 2002 ; Ciftci et al., 2011). 
 However, the activities of the antioxidant enzymes glutathion peroxidase, superoxide dismutase and 
catalase were slightly increased when turmeric was added to the basal diet. In addition, the intake of Cucrcuma 
longa L. (turmeric) significantly elevating the level of oxidative enzymes in turmeric-treated contaminated diet. 
The obtained results in this study agree with (Ciftci et al., 2011) who found a significant hepatoprotective 
activity of curcumin against TCDD by elevating the levels of GSH, SOD, CAT and GSH-Px. 
 Superoxide dismutase protect the cells from oxidative damage by breaking down the partially hazardous 
free radical super oxide (O·

2) to H2O2 and O2
˙. The H2O2 produced can then be decomposed enzymatically by 

catalase and glutathione peroxidase. Those enzymes catalytically remove free radicals and alter reactive species 
which can also be scavengered (Jasprica et al., 2007). Turmeric may hinder TCDD induced reactive oxygen 
species (ROS) due to its antioxidant nature. Antioxidants present in turmeric quench free radicals thus repair the 
activity of antioxidant enzymes. This means that the compounds with antioxidant characters present in turmeric 
saved antioxidant enzymes from exhaustion or synergized the effect of these enzymes (Suhit et al., 2010). 

0

3

6

9

12

15

18

21

24

27

Control C.longa TCDD TCDD+C.longa

γ 
G

T
co

n
ce

n
tr

at
io

n
 (

U
/L

)

Treatments

γ-GT

0

1

2

3

4

5

6

7

Control C.longa TCDD TCDD+C.longa

M
D

A
 C

o
n

ce
n

tr
at

io
n

 (
n

m
o

l/
m

l)

Treatments

MDA 



1795 
J. Appl. Sci. Res., 9(3): 1790-1797, 2013 

 

 
 
Fig. 4: Effect of C.longa on superoxide dismutase, catalase and glutathione peroxidase levels in TCDD 

intoxicated rats. 
 
Conclusions: 
 
 Taken all together our findings indicate that dried turmeric powder has the capacity to prevent TCDD 
induced oxidative stress and hepatotoxicity by modulating the extent of lipid peroxidation and augmenting 
antioxidant defense system. These results demonstrated that turmeric has potential health benefits as it can 
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scavenge the free radicals and improve the immunity by activation antioxidant enzymes so, it could be used as a 
significant protective agent against pollutants and human diseases. 
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