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induce opening of the mitochondrial permeability transition (MPT), 
an inner mitochondrial membrane, voltage sensitive, non-selective ion 
channel which opens to pass large molecular weight solutes between 
the mitochondrial matrix and cytoplasm, enabling the inner membrane 
(which is normally impermeable) to become permeable, leading to a 
“large amplitude swelling” [6]. 

Zingerone is an active principle of Zingiber officinale rhizome 
having good medicinal value. It has been reported to inhibit lipid 
peroxidation (LPO) and possess superoxide dismutase (SOD) like 
activity [7,8]. Previous reports have shown that zingerone quickly 
metabolized in rats and humans, easily crosses blood-brain barrier, 
achieves good concentration in systemic circulation, and is eliminated 
from body within 6 h after oral administration [9,10].

 The brain is rich in polyunsaturated fatty acids and is much prone 
to oxidative stress. It is proposed that brain mitochondria are the main 
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Introduction
Tellurium belongs to group VIA in periodic table and has physical 

properties like a metal but chemical properties are more like a 
nonmetal [1]. Tellurium has been reported to be toxic to humans but 
its application in industries is growing at rapid pace. A decade back, 
Kaur et al. [2] have reported the toxicity of Te on brain lipids. Te has 
accelerated the levels of lipid peroxidation and inhibited the contents 
of glutathione and activities of antioxidant enzymes like glutathione 
peroxidase, glutathione reductase and catalase in the cerebrum, 
cerebellum, and brain stem [3]. 

Mitochondria are often referred as the powerhouse of the cells and 
it is found in every cell of the body. They generate the chemical energy in 
the form of ATP that regulates fuelling of cellular processes. The brain 
cells need a lot of energy to communicate and control the cell signaling 
with each other along with parts of the body that may be far away. A 
part from these, mitochondria has also many other functions, so the 
mitochondria are essential for normal brain function. The decay of 
mitochondria in brain cells is a primary cause of all neurodegenerative 
disorders from Parkinson's to dementia [4]. 

Oxidative stress is a result of reactive oxygen species (ROS) 
generated by the dysfunction of mitochondrial energy metabolism 
[5]. ROS are increasingly recognized as playing an important role in 
neurodegeneration because of their ability to cause oxidative stress and 
consequently damage cellular contents. Acute exposure to relatively 
high levels of oxidants, especially in the presence of calcium, can also 

Abstract
Tellurium (Te) has been reported to be toxic to humans but its application in industries is growing at rapid pace. Mitochondria are 
responsible to generate the chemical energy to regulate the fuelling of cellular processes. The decay of the mitochondria in the brain cells 
is a primary cause of all neurodegenerative disorders from Parkinson's to dementia. Animals were divided into 5 groups; group 1st was 
control. Group 2nd received Te as sodium tellurite (4.15 mg, 1/20th of LD50) orally once daily for 15 days. Groups 3rd and 4th were pretreated 
with zingerone (50 and 100 mg/kg b. wt respectively once daily for 15 days) followed by 15 days treatment with Te (orally once daily). On 
day 16, after the completion of Te dosing, the animals were sacrificed and brains were taken out to isolate the mitochondria. The content 
of lipid peroxidation (LPO) was increased significantly and the content of glutathione and activities of antioxidant enzymes; glutathione 
peroxidase (GPx) glutathione reductase (GR), glutathione-S-transferase (GST), superoxide dismutase (SOD) and catalase (CAT) were 
decreased significantly in the brain mitochondria of Te treated group as compared to the brain mitochondria of control group and these 
changes were protected significantly and dose dependently with the treatment of zingerone in Te+Z1 and Te+Z2 groups. The above 
study indicates that the zingerone which is part of our diet may be used as the best tool for the prevention of Te toxicity. 

M
et

ab

olomics: OpenAccess

ISSN: 2153-0769
Metabolomics: Open Access



Citation: Safhi MM (2015) Zingerone Protects the Tellurium Toxicity in the Brain Mitochondria of Rats. Metabolomics 5: 156. doi:10.4172/2153-
0769.1000156

Page 2 of 5

Volume 5 • Issue 4 • 1000156
Metabolomics
ISSN: 2153-0769 JOM an open access journal 

organelle responsible for oxidative stress and cause neuronal damage. 
There are no reports on this issue which has stimulated our interest to 
select the brain mitochondria for this study and neuroprotective role 
of zingerone.

Materials and Method
Chemicals

Glutathione (oxidized and reduced), nicotinamide adenine 
dinucleotide phosphate reduced form (NADPH), thiobarbituric acid 
(TBA), 1-chloro-2,4-dinitrobenzene (CDNB), sulfosalisylic acid, 
5-5′-dithio-bis-2-nitrobenzoicacid (DTNB), sucrose; HEPES, ethylene 
diamine tetraacetic acid (EDTA), sucrose, percoll and zingerone (≥ 
96%) were purchased from M/S Sigma-Aldrich, Germany. Other 
chemicals were of reagent grade.

Animals

Male Wistar rats of 250-300 g obtained from Central Animal 
House of College of Pharmacy, Jazan University were used in this 
study. They were housed in polypropylene cages in an air-conditioned 
room for a 12-h light/dark cycle. The animals were divided into four 
groups and each group comprising eight animals. Group-1 was control 
and vehicle was given orally and group-2 was experimental and sodium 
tellurite was given at a dose of 4.15 mg/kg b. wt (1/20 of LD50) [oral 
LD50 in rat is 83 mg/kg [11]] orally once daily for 15 days. Groups-3 
and -4 were zingerone pretreated (50 and 100 mg/kg b. wt. once daily 
for 15 consecutive days orally, respectively). The dose of Te (in terms 
of LD50) was same as described [2]. The doses of zingerone were same 
as we described earlier [12]. Zingerone was dissolve in warm (45°C) 
distilled water to make it miscible and allow to cool slowly at room 
temperature [12]. All procedures were performed in accordance with 
NIH guidelines and the Guide for the Care and Use of Animals. These 
protocols were approved by the Jazan University, Institutional Animals 
Care and Use Committee (IACUC).

Isolation of mitochondria

Overnight fasted rats were sacrificed and their brains were taken 
out. Brain from each rat was used for the preparation of mitochondria 
as described by Nagy and Antonio [13]. In brief, 10% homogenate 
(w/v) was prepared in isolation buffer I (0.32 M sucrose; 5.0 mM 
HEPES, pH 7.5; 0.1 mM EDTA) with a Teflon–glass homogenizer 
at 1000 rpm with five strokes up and five strokes down at 4°C. The 
homogenate was centrifuged at 1000 g for 10 min at 4°C. Pellet-1 (P-1) 
containing nuclear and cell debris was discarded. The supernatant-1 
(S-1) was further centrifuged at 12,500 g for 20 min at 4°C. The 
pellet-2 (P-2) was re-suspended in isolation buffer (3 mL/g of original 
wt. of the tissue) and homogenized gently by hand in a Teflon–glass 
homogenizer. Pure mitochondria were isolated on Percoll gradients of 
8.5%, 10%, and 20% in buffer II (0.25 M sucrose, 5.0 mM HEPES, pH 
7.2, 0.1 mM EDTA-K+) and centrifuged at 15,000g for 20 min at 4°C. 
The bottom layer of 20% Percoll was resuspended in 10 mL of isolation 
buffer and further centrifuged at 15,000g for 10 min at 4°C. The pellet 
was resuspended in an appropriate amount of phosphate buffer (0.1 M, 
pH 7.6) to give 2.5 mg protein/mL.

TBARS content

TBARS content was estimated by the method of Utley et al. [14] as 
modified by Islam et al. [15] Mitochondria 0.25 ml was pipetted into 
a 15 × 100 mm test tube and incubated at 37°C in a metabolic shaker 
for 1 h. An equal volume of same mitochondria was pipetted into a 

centrifuge tube and placed at 0°C. After 1 h of incubation, 0.25 ml of 5% 
(w/v) chilled TCA and 0.5 ml 0.67% TBA were added and centrifuged 
at 4000 × g for 10 min. Thereafter, supernatant was transferred to other 
test tubes and placed in a boiling water bath for 10 min. The absorbance 
of pink colour produced was measured at 535 nm. The TBARS content 
was calculated by using a molar extinction coefficient of 1.56 × 105 M−1 
cm−1 and expressed as nanomoles of TBARS formed/hr/mg of protein.

Reduced glutathione (GSH) content

GSH content was measured by the method of Jollow et al. [16] with 
slight modification. Mitochondria were mixed with 4% sulfosalisylic 
acid (w/v) in 1:1 ratio (v/v). The test tubes were incubated at 4°C for 
1 h, and centrifuged at 4000 × g for 10 min at 4°C. The assay mixture 
contained 0.1 ml of supernatant, 1.0 mM DTNB and 0.1 M phosphate 
buffer pH 7.4 in a total volume of 3.0 ml. The yellow colour developed was 
read immediately at 412 nm in a spectrophotometer (Shimadzu-1601, 
Japan). The GSH content was calculated as micromoles GSH/ mg 
protein, using a molar extinction coefficient of 13.6×103 M−1 cm−1.

Estimation of glutathione peroxidase (GPx)

GPx activity was determined by the method of Mohandas et al. 
[17]. The reaction assay consisted of phosphate buffer (0.05 M, pH 
7.0), EDTA (1mM), sodium azide (1 mM), glutathione reductase (1 
EU/ml), glutathione (1 mM), NADPH (0.2 mM), hydrogen peroxide 
(0.25 mM) and 0.1 ml of mitochondria in the final volume of 2 ml. 
The disappearance of NADPH at 340 nm was recorded at room 
temperature. The enzyme activity was calculated as nmol NADPH 
oxidized/min/mg protein by using molar extinction coefficient of 6.22 
× 103 M−1cm−1.

Glutathione reductase (GR)

Glutathione reductase activity was measured by the method of 
Carlberg and Mannervik [18] as modified by Mohandas et al. [17]. 
The reaction mixture consisted of phosphate buffer (0.1 M, pH 7.6), 
NADPH (0.1 mM), EDTA (0.5 mM), oxidized glutathione (1 mM) and 
0.05 ml of mitochondria in a total volume of 2 ml. The enzyme activity 
was quantified at room temperature by measuring the disappearance 
of NADPH at 340 nm and calculated as nmol NADPH oxidized/min/
mg protein using molar extinction coefficient of 6.22 × 103 M−1 cm−1.

Glutathione-S-transferase (GST)

Glutathione-S-transferase (GST) activity was measured by the 
method of Habig et al. [19]. The reaction mixture consist of phosphate 
buffer (0.1 M, pH 6.5), reduced glutathione (1 mM), 1-chloro-2,4-
dinitrobenzene (CDNB, 1.0 mM) and 0.1 ml of mitochondria in a total 
volume of 2.0 ml. The change in absorbance was recorded at 340 nm 
and enzyme activity was calculated as nmoles CDNB conjugate formed/
min/mg protein using molar extinction coefficient 9.6 x 103 M-1 cm-1.

Catalase (CAT)

CAT activity was measured by the procedure of Claiborne et al. 
[20]. Briefly, the assay mixture consisted of 0.05 M PB (pH 7.0), 0.019 
M H2O2 and 0.05 ml of mitochondria in a total volume of 3.0 ml. The 
change in absorbance was recorded at 240 nm. Catalase activity was 
calculated in terms of nmol H2O2 consumed/min/mg protein using 
molar extinction coefficient of 43.6×103 M-1 cm-1.

Superoxide dismutase (SOD)

Superoxide dismutase activity was measured 
spectrophotometrically, as described previously by Stevens et al. [21] 
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by monitoring the auto-oxidation of (−)-epinephrine at pH 10.4 for 
3 min at 480 nm. The reaction mixture contained glycine buffer (50 
mM, pH, 10.4) and 0.1 ml of mitochondria. The reaction was initiated 
by the addition of (−)-epinephrine. The enzyme activity was calculated 
in terms of nmol (−)-epinephrine protected from oxidation/min/mg 
protein using the molar extinction coefficient of 4.02 × 103 M−1 cm−1.

Protein estimation

Protein was estimated by the method of Lowry et al. [22] using 
bovine serum albumin as standard.

Statistical analysis

Results are expressed as mean ± SEM. The result was analyzed by 
one-way ANOVA followed by Tukey’s test. The p value ≤ 0.05 was 
considered significant.

Results
Effect of zingerone on TBARS content in the brain 
mitochondria

The effect of zingerone on TBARS content was measured to 
demonstrate the oxidative damage on the membrane. TBARS content 
in the brain mitochondria was elevated significantly (p<0.01) in Te 
treated brain mitochondria as compared to the brain mitochondria of 
the control group animals which was protected significantly (p<0.05) 
and dose dependently in Te+Z1 and Te+Z2 groups as compared to Te 
group (Figure 1). 

Effect of zingerone on GSH content in the brain mitochondria

The GSH level was decreased significantly (p<0.05) in the brain 
mitochondria of Te group as compared to the brain mitochondria of 
control group. Pretreatment with zingerone in the groups Te+Z1 and 
Te+Z2 has protected the GSH level significantly and dose dependently 
(Figure 2). 

Effect of zingerone on the activities of antioxidant enzymes in 
the brain mitochondria

The activities of antioxidant enzymes (GPx, GR, GST, SOD and 
catalase) were decreased significantly in the brain mitochondria of Te 
treated group as compared to the brain mitochondria of control group. 
On the other hand, these activities were protected significantly and dose 
dependently in Te+Z1 and Te+Z2 groups of the brain mitochondria as 
compared to the brain mitochondria of Te group (Table 1). 

Discussion
Mitochondria are essential to maintain the battle against entropy 

that is necessary to sustain life. They provide energy required for almost 
all cellular processes. In cellular respiration, highly reactive molecules 
called free radicals are formed within mitochondria which react with 
macromolecules leading to degeneration of the cells. Perhaps the best 
known free radical produced in this way is the superoxide radical, O2

-. 
Free radicals are potentially very damaging to the cell components such 
as proteins and genetic material like DNA and RNA. If too many free 
radicals are released in the mitochondria, the damage can be severe, 
resulting ultimately the death of the cells. Living in an oxygenated 
environment has made us more susceptible to superoxide and peroxide 
reactions. Brain is the organ with high concentration of lipids and very 
much susceptible to ROS [23]. Moreover some glutathione xenobiotics 
conjugates formed in liver are able to cross blood brain barrier making 
central nervous system more vulnerable to ROS [24]. Mitochondria are 

one of the sites for production of ROS in the brain. Hence we have 
isolated the brain mitochondria for the estimation of oxidative stress 
induced by Te toxicity. Selenite and tellurite have been known as thiol-
reactive reagents [25] although the nature of the chemistry is still not 
completely understood [26]. In this study we have tried to explore one 
of the mechanisms of Te toxicity and its prevention by zingerone.

LPO is the marker of oxidative stress and its content was increased 
significantly by Te treatment suggesting the role of oxidative stress 
induced by Te. Zingerone, an alkaloid principle of Zingiber officinale 
rhizome, has been reported to possess the activity like SOD [7,8]. This 
activity of zingerone was helpful in the protection of the LPO level in 
the Te group treated with and zingerone. Glutathione is the body’s 
master antioxidant. This tripeptide γ-L-glutamyl-L-cysteinyl-glycine is 
the thiol compound present in higher concentration in the cells of all 
organs. It is the major endogenous antioxidant produced by the cells, 
participating directly in the neutralization of free radicals and reactive 
oxygen species, as well as maintaining the exogenous antioxidants such 
as vitamins C and E in their reduced forms, which is the active form of 
GSH [27]. In this study, the level of GSH was depleted significantly in 
Te treated group which was restored significantly with the treatment 
of zingerone.
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Figure 1: Effect of Te on the content of LPO in the rat brain mitochondria. Te 
treatment has increased the content of TBARS significantly as compared to 
control group. Its content was protected significantly and dose dependently in 
groups (Z1+Te and Z2+Te) as compared to Te group. The data are expressed 
as Mean ± S.E.M of 8 animals. *p<0.05 Te vs. control group and #p<0.01, 
##p<0.001 Z1+Te and Z2+T2 groups respectively vs. Te group.
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Figure 2: Effect of Te (4.15 mg/kg, 1/20 of LD50) on the content of GSH in the 
brain mitochondria of rats. The level of GSH was decreased significantly and 
dose dependently as compared to control. The various doses of zingerone (Z1 
50 and Z2 100 mg/kg b. wt) have protected the content of GSH significantly 
and dose dependently. The data are expressed as Mean ± S. E M of 8 animals. 
*p<0.01 Te vs. control and #p<0.001 Te vs. Z1+T and Z2+T group.
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All antioxidant defenses are interconnected [28]; hence disruption 
of one would disrupt the whole microenvironment and eventually 
could lead to a catastrophe. Glutathione peroxidase (GPx) is a 
well-known seleno-enzyme that functions as an antioxidant. The 
biochemical function of glutathione peroxidase is to reduce lipid 
hydroperoxides to their corresponding alcohols and detoxify the free 
hydrogen peroxide to water. The decrease activity of GPx was unable 
to catalyze GSSG to GSH and hamper the balance of the pool of GSH 
and GSSG. The zingerone treatment has protected the activity of GPx 
which might have maintained the GSSG and GSH pool in the brain 
mitochondria. Within the cells, GSH is regenerated from GSSG by 
the reaction catalyzed by GR, which is a ubiquitous cytosolic enzyme 
required for the conversion of oxidized glutathione (GSSG) to reduced 
glutathione (GSH), concomitantly oxidizing the reduced nicotinamide 
adenine dinucleotide phosphate (NADPH) in a reaction essential for 
the stability and integrity of cells [29]. During the normal catalytic 
reactions of GPx and GR, the glutathione is not consumed but recycled. 
In contrast, during the generation of glutathione-S-conjugates by 
glutathione-S-transferase (GST) [30,31] or by release of glutathione 
from cells [32,33] the level of total intracellular glutathione is lowered 
which makes more harm to the cells. 

Previous reports have shown that zingerone quickly metabolized 
in rats and humans, easily crosses blood-brain barrier, scavenge free 
radicles and achieves good concentration in systemic circulation [9, 
10,34]. Catalase is usually located in a cellular, bipolar environment 
organelle called peroxisome [35]. It catalyzes the decomposition of 
hydrogen peroxide to water and oxygen. H2O2 is one of the very toxic 
indigenous toxicant, its increased contents is extremely harmful to 
the cells. The decreased activity of catalase with Te was not able to 
detoxify the H2O2 but the treatment with zingerone has protected 
the activity of catalase which helped in the detoxification of H2O2 to 
H2O. SOD converts highly toxic superoxide to low toxic H2O2 [36], 
which is further detoxified to H2O by catalase and GPx. Since the 
activities of these antioxidant enzymes were depleted significantly by 
Te toxicity and zingerone has protected these activities significantly 
and dose dependently in the groups of Te+Z1 and Te+Z2 confirming 
the role of oxidative stress of Te toxicity and antioxidant properties of 
zingerone. The results showed the potential of zingerone in protecting 
the functions of the brain mitochondria. The above study indicates that 
the zingerone which is part of our diet may be used as the best tool for 
the prevention of Te toxicity. Therefore, it can be recommended that 
further understanding the mechanism of neuroprotection of zingerone 
on Te toxicity will provide an avenue to explore its bio-molecules for 
the potential use in pharmaceutical formulations.
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Groups GPx (nmol of NADPH 
oxidized/min/mg 

protein)

GR (nmol of NADPH 
oxidized/min/mg protein)

GST (nmol of NADPH 
oxidized/min/mg protein)

CAT (nmol of H2O2 
consumed/min/mg protein)

SOD (nmol (−)-epinephrine 
protected from oxidation/

min/mg protein)
Control 667.49 ± 51.12 787.30 ± 60.15 1816.12 ± 199.60 241.98 ± 12.52 1270.94 ± 199.60

Te 453.87* ± 38.62
(-32.01 %)

419.29* ± 43.73
(-50.16 %)

1064.44* ± 128.71
 (-41.39 %)

177.82* ± 37.94
(-26.51 %)

644.93* ± 52.02 
(-49.26 %)

Z1+Te 608.35# ± 65.60
(34.03 %)

629.64* ± 94.81
(50.16 %) 

1300.22# ± 118.08
(22.13 %)

225.07* ± 19.14
(26.57 %)

977.11# ± 93.13
(51.50 %)

Z2+Te 634.59# ± 49.09 
(39.82 %)

715.90## ± 54.78
(70.74 %)

1587.9#9 ± 83.97
(49.19 %)

236.39* ± 18.21
(32.93 %)

1072.5## ± 160.04 
(66.29 %)

Te toxicity leads to significant depletion on the activity of antioxidant enzymes (GPx, GR, GST, CAT and SOD) in Te groups as compared to control group (*p<0.05 vs. 
control group). Administration of zingerone (50 and 100 mg/kg b. wt.) significantly improved the activity of these enzymes in Z1+L and Z2+L groups as compared to Te 
group (#p<0.05, ##p<0.05 vs. Te group). Values in parentheses show the percentage increase or decrease with respect to their control. Values are expressed as Mean ± 
SEM of 8 animals.

Table 1: Effect of various doses of zingerone (Z) on the activity of antioxidant enzymes in brain mitochondria of Te toxicated rats.

http://www.researchgate.net/publication/15531990_How_does_garlic_exert_its_hypocholesterolemic_action_The_tellurium_hypothesis
http://www.researchgate.net/publication/15531990_How_does_garlic_exert_its_hypocholesterolemic_action_The_tellurium_hypothesis
http://www.researchgate.net/publication/10568380_Dose-_and_duration-dependent_alterations_by_tellurium_on_lipid_levels_Differential_effects_in_cerebrum_cerebellum_and_brain_stem_of_mice
http://www.researchgate.net/publication/10568380_Dose-_and_duration-dependent_alterations_by_tellurium_on_lipid_levels_Differential_effects_in_cerebrum_cerebellum_and_brain_stem_of_mice
http://www.researchgate.net/publication/10568380_Dose-_and_duration-dependent_alterations_by_tellurium_on_lipid_levels_Differential_effects_in_cerebrum_cerebellum_and_brain_stem_of_mice
http://www.researchgate.net/publication/10568380_Dose-_and_duration-dependent_alterations_by_tellurium_on_lipid_levels_Differential_effects_in_cerebrum_cerebellum_and_brain_stem_of_mice
http://www.researchgate.net/publication/10568379_Tellurium-Induced_Dose-Dependent_Impairment_of_Antioxidant_Status_Differential_Effects_in_Cerebrum_Cerebellum_and_Brainstem_of_Mice
http://www.researchgate.net/publication/10568379_Tellurium-Induced_Dose-Dependent_Impairment_of_Antioxidant_Status_Differential_Effects_in_Cerebrum_Cerebellum_and_Brainstem_of_Mice
http://www.researchgate.net/publication/10568379_Tellurium-Induced_Dose-Dependent_Impairment_of_Antioxidant_Status_Differential_Effects_in_Cerebrum_Cerebellum_and_Brainstem_of_Mice
http://www.researchgate.net/publication/10568379_Tellurium-Induced_Dose-Dependent_Impairment_of_Antioxidant_Status_Differential_Effects_in_Cerebrum_Cerebellum_and_Brainstem_of_Mice
http://www.ncbi.nlm.nih.gov/pubmed/21785590
http://www.ncbi.nlm.nih.gov/pubmed/21785590
http://www.ncbi.nlm.nih.gov/pubmed/21785590
http://www.sciencedirect.com/science/article/pii/S0165017398000460
http://www.sciencedirect.com/science/article/pii/S0165017398000460
http://www.sciencedirect.com/science/article/pii/S0165017398000460
http://www.sciencedirect.com/science/article/pii/S0165017398000460
http://www.ncbi.nlm.nih.gov/pubmed/17237344
http://www.ncbi.nlm.nih.gov/pubmed/17237344
http://www.ncbi.nlm.nih.gov/pubmed/8394839
http://www.ncbi.nlm.nih.gov/pubmed/8394839
http://www.ncbi.nlm.nih.gov/pubmed/20598871
http://www.ncbi.nlm.nih.gov/pubmed/20598871
http://www.ncbi.nlm.nih.gov/pubmed/20598871
http://www.ncbi.nlm.nih.gov/pubmed/20598871
http://www.globethesis.com/?t=1114360275966066
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+6441
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?dbs+hsdb:@term+@DOCNO+6441
http://www.ncbi.nlm.nih.gov/pubmed/24141173
http://www.ncbi.nlm.nih.gov/pubmed/24141173
http://www.ncbi.nlm.nih.gov/pubmed/24141173
http://www.ncbi.nlm.nih.gov/pubmed/24141173
http://www.ncbi.nlm.nih.gov/pubmed/6088694
http://www.ncbi.nlm.nih.gov/pubmed/6088694
http://www.ncbi.nlm.nih.gov/pubmed/6088694
http://www.researchgate.net/publication/232323906_Utley_HG_Bernheim_F_Hochstein_P._Effect_of_sulfhydryl_reagents_on_peroxidation_in_microsomes
http://www.researchgate.net/publication/232323906_Utley_HG_Bernheim_F_Hochstein_P._Effect_of_sulfhydryl_reagents_on_peroxidation_in_microsomes
http://www.ncbi.nlm.nih.gov/pubmed/12666835
http://www.ncbi.nlm.nih.gov/pubmed/12666835
http://www.ncbi.nlm.nih.gov/pubmed/12666835


Citation: Safhi MM (2015) Zingerone Protects the Tellurium Toxicity in the Brain Mitochondria of Rats. Metabolomics 5: 156. doi:10.4172/2153-
0769.1000156

Page 5 of 5

Volume 5 • Issue 4 • 1000156
Metabolomics
ISSN: 2153-0769 JOM an open access journal 

16. Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR (1974) Bromobenzene-
induced liver necrosis. Protective role of glutathione and evidence for
3,4-bromobenzeneoxide as the hepatotoxic metabolite. Pharmacology 11:
151-169.

17. Manokaran S, Jaswanth A, Sengottuvelu S, Nandakumar J, Duraisamy, et al.
(2008) Hepato-protective activity of Aerva lanata Linn. Against paracetamol
induced hepatotoxicity in rats. Res J Pharmacy and Technology 1: 398-400.

18. Carlberg I, Mannerviek B (1975) Glutathione reductase levels in rat brain. J Biol 
Chem 250: 5475-5480

19. Habig WH, Pabst MJ, Jakoby WB (1974) Glutathione-S-transferasesthe first 
enzymatic step in mercapturic acid formation. J Biol Chem 249: 7130-7139.

20. Caliborne A In: Green Wald, RA (Ed) Catalase activity: CRC Hand Book of
Methods for Oxygen Radical Research. CRC Press, Boca Raton, FL, 1985;
pp. 283–284.

21. Stevens MJ, Obrosova I, Cao X, Van Huysen C, Green DA (2000) Effects
of DL-alpha-lipoic acid on peripheral nerve conduction, blood flow, energy 
metabolism and oxidative stress in experimental diabetic neuropathy. Diabetes 
49: 1006-1015.

22. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ (1951) Protein measurement 
with the Folin phenol reagent. J Biol Chem 193: 265-275.

23. Floyd RA, Carney JM (1992). Free radical damage to protein and DNA:
Mechanism involved and relevant observations on brain undergoing oxidative
stress. Ann Neurol 2: 522-527.

24. Patel N, Fullone J, Andrs MW (1992) Brain uptake and metabolism of S-(1,2 
dichloro venyl) glutathione (DCVE) and S-(1,2 dichloro vinyl)-L cysteine
(DCVC). Toxicologist 12: 343–348. 

25. Bersin T, Longemann W (1933) Mercaptides of selenium and tellurium. Liebigs 
Ann Chem 505: 1–16.

26. Amnon Albeck Hana weitman, Benjamin Sredni, Michel Albeck (1998) Tellurium 
compounds: selective inhibition of cysteine proteases and model reaction with
thiols. Inorg Chem 37: 1704-1712. 

27. Scholz, RW, Graham KS, Gumpricht E, Reddy CC (1989) Mechanism of
interaction of vitamin E and glutathione in the protection against membrane
lipid peroxidation. Ann NY Acad Sci 570: 514-517.

28. Sun Y (1990) Free radicals, antioxidant enzymes, and carcinogenesis. Free 
Radic Biol Med 8: 583–599. 

29. Warsy AS, el-Hazmi MA (1999) Glutathione reductase deficiency in Saudi 
Arabia. East Mediterr Health J 5: 1208-1212.

30. Salinas A E, Wong M G (1999) Glutathione S-transferases—A review. Curr
Med Chem 6: 279-309.

31. Commandeur JN, Stijntjes GJ, Vermeulen NP (1995) Enzymes and transport
systems involved in the formation and disposition of glutathione S-conjugates.
Role in bioactivation and detoxication mechanisms of xenobiotics. Pharmacol
Rev 47: 271-330.

32. Kaplowitz N, Fernández-Checa JC, Kannan R, Garcia-Ruiz C, Ookhtens M,
et al. (1996) GSH transporters: molecular characterization and role in GSH
homeostasis. Biol Chem Hoppe Seyler 377: 267-273

33. Akerboom T, Sies H (1990) Glutathione transport and its signi®cance in
oxidative stress, in Glutathione: Metabolism and Physiological Functions (Vina 
J., ed. ). pp. 45±55. CRC Press, Boca Raton, FL.

34. Rajan I, Narayanan N, Rabindran R, Jayasree PR, Manish Kumar PR (2013)
Zingerone protects against stannous chloride-induced and hydrogen peroxide-
induced oxidative DNA damage in vitro. Biol Trace Elem Res. 155:455-459.

35. Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walter P (2002) Molecular
Biology of the Cell, 4th Ed., Garland Science: New York 401.

36. Freeman BA, Crapo JD (1982) Biology of disease: free radicals and tissue
injury. Lab Invest 47: 412-426.

http://www.ncbi.nlm.nih.gov/pubmed/4831804
http://www.ncbi.nlm.nih.gov/pubmed/4831804
http://www.ncbi.nlm.nih.gov/pubmed/4831804
http://www.ncbi.nlm.nih.gov/pubmed/4831804
http://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=1&issue=4&article=021
http://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=1&issue=4&article=021
http://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=1&issue=4&article=021
http://www.ncbi.nlm.nih.gov/pubmed/4436300
http://www.ncbi.nlm.nih.gov/pubmed/4436300
http://www.ncbi.nlm.nih.gov/pubmed/10866054
http://www.ncbi.nlm.nih.gov/pubmed/10866054
http://www.ncbi.nlm.nih.gov/pubmed/10866054
http://www.ncbi.nlm.nih.gov/pubmed/10866054
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/1510377
http://www.ncbi.nlm.nih.gov/pubmed/1510377
http://www.ncbi.nlm.nih.gov/pubmed/1510377
http://pubs.acs.org/doi/abs/10.1021/ic971456t
http://pubs.acs.org/doi/abs/10.1021/ic971456t
http://pubs.acs.org/doi/abs/10.1021/ic971456t
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-6632.1989.tb14973.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-6632.1989.tb14973.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-6632.1989.tb14973.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/2193855
http://www.ncbi.nlm.nih.gov/pubmed/2193855
http://www.ncbi.nlm.nih.gov/pubmed/11924113
http://www.ncbi.nlm.nih.gov/pubmed/11924113
http://www.ncbi.nlm.nih.gov/pubmed/10101214
http://www.ncbi.nlm.nih.gov/pubmed/10101214
http://www.ncbi.nlm.nih.gov/pubmed/7568330
http://www.ncbi.nlm.nih.gov/pubmed/7568330
http://www.ncbi.nlm.nih.gov/pubmed/7568330
http://www.ncbi.nlm.nih.gov/pubmed/7568330
http://www.ncbi.nlm.nih.gov/pubmed/8828817
http://www.ncbi.nlm.nih.gov/pubmed/8828817
http://www.ncbi.nlm.nih.gov/pubmed/8828817
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajan I%5BAuthor%5D&cauthor=true&cauthor_uid=24006104
http://www.ncbi.nlm.nih.gov/pubmed/?term=Narayanan N%5BAuthor%5D&cauthor=true&cauthor_uid=24006104
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rabindran R%5BAuthor%5D&cauthor=true&cauthor_uid=24006104
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jayasree PR%5BAuthor%5D&cauthor=true&cauthor_uid=24006104
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manish Kumar PR%5BAuthor%5D&cauthor=true&cauthor_uid=24006104
http://www.ncbi.nlm.nih.gov/pubmed/?term=free+radical+scanvanging+property+of+zingerone
http://www.ncbi.nlm.nih.gov/pubmed/6290784
http://www.ncbi.nlm.nih.gov/pubmed/6290784

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Materials and Method 
	Chemicals 
	Animals
	Isolation of mitochondria 
	TBARS content 
	Reduced glutathione (GSH) content 
	Estimation of glutathione peroxidase (GPx) 
	Glutathione reductase (GR) 
	Glutathione-S-transferase (GST) 
	Catalase (CAT) 
	Superoxide dismutase (SOD) 
	Protein estimation 
	Statistical analysis 

	Results 
	Effect of zingerone on TBARS content in the brain mitochondria 
	Effect of zingerone on GSH content in the brain mitochondria 
	Effect of zingerone on the activities of antioxidant enzymes in the brain mitochondria 

	Discussion 
	Acknowledgement  
	Figure 1
	Figure 2
	Table 1
	References 

