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Abstract
Arsenic (As) compounds are reported as environmental toxicants and human carcinogens. Exposure to arsenic 

imposes a big health issue worldwide. Tetrahydrocurcumin (THC) is an antioxidative substance, which is derived 
from curcumin, the component of turmeric. In view of this fact, the purpose of this study was to delineate the 
ameliorative role of THC against arsenic-induced hepatotoxicity in rats. In this context, we evaluated the mode 
of action of chronic oral exposure of sodium arsenite as the source of arsenic at 5 mg/kg/BW with THC (80 mg/
kg/BW) for 28 days. Hepatotoxicity was evaluated by the increased activities of serum hepatospecific enzymes 
namely aspartate transaminase, alanine transaminase, alkaline phosphatase, gamma glutamyl transferase, lactate 
dehydrogenase and total bilirubin along with increased elevation of lipid peroxidative markers, thiobarbituric acid 
reactive substances, lipid hydroperoxides, protein carbonyl content and conjugated dienes. The toxic effect of arsenic 
was also indicated by significantly decreased activities of membrane bound ATPases, enzymatic antioxidants like 
superoxide dismutase, catalase, glutathione peroxidase, glutathione-S-transferase, glutathione reductase and 
glucose-6-phosphate dehydrogenase along with non-enzymatic antioxidants like reduced glutathione, total sulfhydryl 
groups, vitamins C and E. Administration of THC exhibited a significant reversal of arsenic-induced toxicity in hepatic 
tissue. All these changes were supported by reduction of histopathological observations of the liver. These results 
suggest that THC has a potential protective effect over arsenic-induced hepatotoxicity in rat.
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Introduction
Arsenic is a naturally occurring metalloid found in the 

environment, coming under one of the heavy metal and human 
carcinogen [1]. Bi-inorganic form of As in drinking water are trivalent 
(As+3) such as arsenic trioxide and sodium arsenite and pentavalent 
(As+5) such as arsenic pentoxide and the various arsenates. Recent 
studies have confirmed that the As+3 form of As highly toxic than As+5 
and it has a higher affinity for thiol groups [2,3]. Mainly drinking water 
is a major source of Arsenic in the environment to public health [4]. 
Other vehicles of As are agricultural applications such as insecticides, 
herbicides, fungicides, algaecides, sheep dips, wood preservatives and 
by-products of fossil fuels [5]. As compounds are also used in the 
manufacture of the products like glass, semiconductors, dyestuffs, 
smelters, cotton gins, cigarette and as an additive to metal alloys [6]. 

Furthermore, long term chronic arsenic exposure lead to skin 
lesions, hypertension, cardiovascular diseases, developmental 
abnormalities, diabetes, hearing loss, haematological disorders, 
neurological and reproductive problems, Blackfoot disease and cancer 
[7-11] and may affect a number of organs lung, skin, Bladder, kidney, 
liver, testis, uterus and prostate [12]. Even at low doses of arsenic might 
able to produce dermatological symptoms like raindrop pigmentation, 
hyperpigmentation, hyperkeratosis, squamous cell carcinoma and 
basal cell carcinoma [13,14]. Many other reports are available against 
arsenic induced hepatotoxicity but exact mechanism of Arsenic not 
fully understood. From earlier findings, arsenic exert its toxic effects 
through variety of mechanisms in which most noticeable one is the 
excess generation of reactive oxygen species (ROS). 

As is more attractive for various Sulfhydryl group (SH) of cells 
and  release its toxic effects via directly interact with SH groups 
[15]. Moreover, recent studies suggest that during the metabolism of 
arsenic in the cells lead to oxidative stress with generation of reactive 
oxygen species (ROS) like superoxide anion (O2

•−), hydroxyl radical 

(•OH), hydrogen peroxide (H2O2), singlet oxygen (1O2), and peroxyl 
radicals, which are responsible for various toxic effects [16] like 
oxidative damage to cellular macromolecules including DNA, proteins 
and lipids by disturbance of antioxidant defence system [17]. As is a 
potent hepatotoxic agent because liver is the primary target organ for 
arsenic methylation [2,18]. Islam et al. [2] have been reported that the 
oxidative stress may produce acquired tolerance to apoptosis, enhanced 
cell proliferation, altered DNA methylation, genomic instability, and 
aberrant estrogens signalling involved in the liver toxicity caused by 
arsenic. Recently, antioxidants are commonly used as medications 
to treat various forms of liver injury. Plant derived chelating agents 
are possess powerful antioxidant properties and neutralize the 
Arsenic induced reactive oxygen species activities, when compared 
with synthetic antidotes [19]. On the other hand, other reviews have 
suggested that antioxidants could reduce side effects [20,21].

Tetrahydrocurcumin (THC) possess strong antioxidant activity 
due to the presence of hydroxyl and methoxyphenyl groups in 4th and 3rd 
position [22] and shows identical β-diketone of 3rd and 5th substitution 
in heptane moiety [23]. THC (tetrahydrodiferuloylmethaneione) is a 
phenolic compound and major colourless metabolites of curcumin 
(diferuloylmethane) which is derived from the plant Curcuma longa L 
[24]. Holder et al. [25] have been identified that metabolite in intestinal 
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and hepatic cytosol from humans and rats. THC and curcumin have 
similar structures  but differs in that THC lacks the double bonds and is 
more stable, soluble than curcumin [26]. In addition, both invitro and 
invivo studies suggested that THC scavenge free radicals such as super 
oxide, hydroxyl radicals, ferric ions, and peroxyl radical efficiently 
[26,27]. Sugiyama, [23] has been concluded that the beta-diketone 
moiety and phenolic hydroxyl groups of THC must exhibit antioxidant 
activity. 

Previously, hepatoprotective effect of tetrahydrocurcumin has been 
demonstrated in chloroquine-induced toxicity in rats [28]. But still, the 
protective effect of THC against arsenic-induced liver damage hasn’t 
been explored so far. Therefore, the present study was considered of 
interest to investigate the antioxidant activity of THC against arsenic 
induced hepatotoxicity in rats.

Materials and Methods 
Chemicals 

Sodium arsenite ( NaAsO2 ), 1,1′,3,3′- tetramethoxy propane, 
bovine serum albumin, Hank’s balanced salt solution, Ficol 
histopaque-1077, phosphate buffered saline and SYBR green-I were 
purchased from Sigma Chemical Co., St. Louis, MO, USA. All other 
chemicals and solvents were of certified analytical grade and purchased 
from S.D. Fine Chemicals, Mumbai or Himedia Laboratories Pvt. Ltd., 
Mumbai, India. Reagent kits were obtained from span Diagnostics, 
Mumbai, India. 

Drug

THC was a gift provided by Sabinsa Corporation (Piscataway, NJ, 
USA). Chemical structure of THC is shown in Figures 1 and 2.

Animals and diet 

Healthy adult male albino rats of Wistar strain, bred and reared in 
Central Animal House, Department of Experimental Medicine, Rajah 
Muthiah Medical College, Annamalai University were used for the 
experiment. Males were preferred in order to avoid complications of 
the oestrous cycle. Animals of equal weight (170-190 g) were selected 
and housed in polypropylene cages lined with husk and kept in a 
semi-natural light/dark condition (12 h light/12 h dark).The animals 
had free access to water and were supplied with standard pellet diet 
(Amrut Laboratory Animal Feed, Pranav Agro Industries Ltd., 
Bangalore, India), constitution of protein (22.21%), fat (3.32%), fibre 
(3.11%), balanced with carbohydrates (> 67%), vitamins and minerals. 
Animal handling and experimental procedures were approved by 
the Institutional Animal Ethics Committee, Annamalai University 
(Registration Number: 853/2011/CPCSEA) and the animals were 
cared in accordance with the “Guide for the care and use of laboratory 
animals” and “Committee for the purpose of control and supervision 
on experimental animals”.

Experimental design 

In the present study, NaAsO2 was administered intragastrically at 
a dose of 5 mg/kg body weight/ day for 4 weeks, which was 1/8 of the 
oral LD50 values in rats [29]. Control group received the vehicles only, 
experimental rats were subdivided into two groups (2 and 3). Drug 
control group received the THC (dissolved in 0.5% of carboxy methyl 
cellulose, CMC) alone.

A pilot study was conducted with three different doses of THC 
(20, 40 and 80 mg/kg) to determine the dose dependent effect of THC 

in Arsenic treated hepatotoxic rats. After 4 weeks of experiment, it 
was observed that THC treatment at the doses of 20, 40 and 80 mg/
kg significantly (p<0.05) lowered the levels of serum transaminases, 
thiobarbituric acid reactive substances and elevated the levels of 
reduced glutathione in the liver of Arsenic intoxicated rats (data have 
not shown). 80 mg/kg of THC showed higher significant effect than the 
lower doses 20 and 40 mg/kg. Hence, we have chosen the highest dose 
(80 mg/kg) of THC for our study.

Group 1: In this group, rats received with normal saline and CMC 
solution (Vehicles) daily using an intragastric tube for 4 weeks and 
treated as control. 

Group 2: In this group, rats received arsenic in the form of NaAsO2 
(5 mg/kg BW day) dissolved in normal saline daily using an intragastric 
tube for 4 weeks and treated as arsenic group. 

Group 3: In this group, rats received THC dissolved in CMC (80 
mg/kg BW day) along with arsenic in the form of NaAsO2 (5 mg/kg 
BW day) dissolved in normal saline daily using an intragastric tube for 
4 weeks and treated as As + THC group. 

Group 4: In this group, rats received THC dissolved in CMC 
solution (80 mg/kg BW day) daily using an intragastric tube for 4 
weeks and treated as THC group.

Food and water intake was recorded and rats were weighed every 
week. Fourty-eight hours after the administration of the last dose, the 
animals were anaesthetised with an intramuscular injection of ketamine 
hydrochloride (24 mg/kg) and sacrificed by decapitation. Blood was 
collected in heparinised and unheparinised tubes for the separation of 
plasma and serum. Liver tissue was surgically removed, washed with 

Figure 1: Chemical structure of tetrahydrocurcumin C21H24O6.

Figure 2: THC possess strong antioxidant activities through its (1) Phenolic 
hydroxyl groups (2) Diketo moiety.
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cold physiological saline, cleared off adherent lipids and immediately 
transferred to ice-cold containers. Liver tissue (250 mg) was sliced into 
pieces and homogenized in appropriate buffer in cold condition (pH 
7.0) to give 20% homogenate (w/v). The homogenate was centrifuged 
at 1000 rpm for 10 min at 0ºC in cold centrifuge. The supernatant was 
separated and used for the assay of various biochemical estimations. 
For comet assay, liver was cut into small pieces and washed with 
Hank’s balanced salt solution. The individual cell suspensions were 
obtained by enzymic digestion with collagenase at 37ºC. After filtration 
on 100 and 40 mm mesh successively, the resulting cell suspensions 
were centrifuged for 10 min at 3000 rpm. The cell pellet was then 
suspended in phosphate buffered saline and used for the estimation of 
DNA damage.

Biochemical assays 

Activities of serum marker enzymes: The activities of serum 
aspartate aminotransferase (E.C. 2.6.1.1), alanine aminotransferase 
(E.C. 2.6.1.2), alkaline phosphatase (E.C.3.1.3.1), lactate dehydrogenase 
(E.C. 3.1.3.1) and total bilirubin were assayed using commercially 
available diagnostic kits (Sigma diagnostics (I) Pvt. Ltd., Baroda, India). 
Gamma glutamyl transferase (E.C. 2.3.2.2) activity was determined by 
the method of Rosalki, et al. [30] using α-glutamyl-p-nitroanilide as 
substrate.

Determination of blood α-aminolevulinic acid dehydratase 
(ALAD): The activity of blood α-aminolevulinic acid dehydratase 
(ALAD) was assayed according to the procedure of Berlin and Schaller 
[31]. Total volume of 0.2 mL of heparinized blood was mixed with 1.3 
mL of distilled incubated for 10 min at 37°C for complete hemolysis. 
After adding 1 mL of standard ALA, the tubes were incubated for 
60 min at 37°C. The reaction was stopped after 1 h by adding 1 mL 
of trichloroacetic acid (TCA). After centrifugation equal volume 
of Ehrlich reagent (0.59 g of dimethylamino benzaldehyde in 12.5 
mL glacial acetic acid + 6 mL perchloric acid + 1 mL 2.5% mercuric 
chloride) was added and the absorbance was recorded at 555 nm after 
5 min. The values are expressed as nmol/min/mL.

Determination of liver d-aminolevulinic acid dehydratase 
(ALAD): Liver α-aminolevulinic acid dehydratase (ALAD) was 
determined by following the method of Goering et al. [32]. 20% tissue 
homogenate (w/v) was prepared in 0.05 M Tris-HCL (pH7.4) and 0.25 
M sucrose. The incubation medium (0.3 mL) contained 4 mg protein, 
50 mM glycine, 50 mM-sodium citrate, 25 mM-sodium onophosphate, 
10 mM-magnesium chloride, 5 mM-pyridoxal 5-phosphate and 10 
mM disodium EDTA. The mixture was incubated for 45 min at 37ºC 
in darkness. The aminoketones formed were converted into pyrroles 
by condensation with acetyl acetone. The activity of the enzyme 
was determined by adding Ehrlich reagent and the absorbance was 
recorded at 555 nm after 5 min. The values are expressed as nmol/min/
mg protein.

Determination of lipid peroxidation and oxidative stress markers: 
Lipid peroxidation in liver was estimated spectrophotometrically 
by measuring thiobarbituric acid reactive substances and lipid 
hydroperoxides by the method of Niehius and Samuelson [33], Jiang 
et al. [34] respectively. Protein carbonyl content was determined by 
the method of Levine et al. [35]. The levels of conjugated dienes were 
assessed by the method of Rao and Recknagel [36].

Determination of non-enzymatic and enzymatic antioxidants: 
Reduced glutathione was determined by the method of Ellman [37]. 
Total sulfhydryl groups were measured by the method of Ellman 
[37]. Vitamin C concentration was measured as previously reported 

[38]. Vitamin E (a-tocopherol) was estimated by the method of Desai 
[39]. Superoxide dismutase activity was determined by the method 
of Kakkar et al. [40]. The activity of catalase was determined by the 
method of Sinha [41]. Glutathione peroxidase activity was estimated by 
the method of Rotruck et al. [42]. Glutathione S-transferase activity was 
determined by the method of Habig et al. [43]. Glutathione reductase 
was assayed by the method of Horn and Burns [44]. The estimation of 
glucose-6-phosphate dehydrogenase was carried out by the method of 
Beutler [45]. Total protein content of tissue homogenate was estimated 
as described previously [46].

Estimation of membrane-bound ATPase: The sediment after 
centrifugation was resuspended in ice-cold Tris-HCl buffer (0.1M) pH 
7.4. This was used for the estimations of membrane-bound enzymes 
and protein content. The membrane bound enzymes such as Na+/
K+-ATPase, Ca2+-ATPase and Mg2+-ATPase activity were assayed by 
estimating the amount of phosphorous liberated from the incubation 
mixture containing tissue homogenate, ATP and the respective 
chloride salt of the electrolytes [47-49].

Estimation of DNA damage by single-cell gel electrophoresis 
(Comet assay): DNA damage was estimated by alkaline single-cell 
gel electrophoresis (Comet assay) according to the method of Singh 
et al. [50]. In this method, the cells were first lysed to form nucleoids. 
During electrophoresis, DNA fragments (from damaged DNA) 
streamed towards anode while the undamaged DNA trapped within 
the nucleus. When they are stained with SYBR green-I, damaged 
DNA gave the appearance of a comet tail and undamaged DNA gave 
spherical appearance. Prefrosted slides were prepared by pouring 3.0–
5.0 mL of 1% normal agarose over clean glass slides. It was allowed to 
dry at room temperature and placed in hot-air oven at 70°C−80°C for 
30 min. A freshly prepared suspension of 100 μL of hepatocytes in 1% 
low-melting point agarose (LMPA; 1:3 ratio) was cast on to prefrosted 
microscopic slides, immediately covered with cover slip and kept for 10 
min in a refrigerator to solidify. Then the cover slip was removed and a 
top layer of 100 μL of LMPA was added and the slides were again cooled 
for 10 min. The cells were then lysed by immersing the slides in the lysis 
solution for 1 h at 4°C. After lysis, slides were placed in a horizontal 
electrophoresis tank. The unit was filled with electrophoresis buffer 
to a level of 0.25 cm above the slides. The cells were exposed to the 
alkaline electrophoresis solution for 20 min to allow DNA unwinding. 
Electrophoresis was conducted in a cold condition for 20 min at 25 V 
and 300 mA. After electrophoresis, the slides were placed horizontally 
and neutralized with Tris-HCl buffer. Finally, 50 μL of SYBR green-I 
(1:10,000) dilution) was added to each slide and analyzed using a 
fluorescence microscope. To prevent additional DNA damage, all steps 
were conducted under dimmed light or in the dark. Twenty five images 
were randomly selected from each sample and were examined at 200 
magnification in a fluorescence microscope connected to a personal 
computer-based image analysis system, Komet v. 5.0 (Kinetics Imaging 
Ltd., Liverpool, UK). The relative amount of DNA appearing in the tail 
of the comet (percent tail DNA), tail length and tail moment (% tail 
DNA × length) were linearly related to DNA break frequency.

Histopathological studies 

For qualitative analysis of liver histology, the tissue samples were 
fixed for 48 h in 10%formalin-saline and dehydrated by passing 
successfully in different mixture of ethyl alcohol, water, cleaned in xylene 
and embedded in paraffin. Sections of the tissues (5-6µm thick) were 
prepared by using a rotary microtone and stained with haematoxylin 
and eosin dye, which was mounted in a neutral deparaffined xylene 
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medium for microscopical observations. Six rats from each group were 
sacrificed for analyzing the hepatic histological examinations.

Statistical analyses

Data were analyzed by one way analysis of variance (ANOVA) 
followed by Duncan’s multiple range test (DMRT) using a commercially 
available statistics software package (SPSS® for Windows, V. 17.0, 
Chicago, USA). Results were presented as mean ± SD. Differences were 
considered significant if P<0.05.

Results
Table 1 depicts the effects of Arsenic on body weight gain, food 

and water intake and relative liver weight in control and experimental 
rats. In As treated rats, water and pellet diet consumption significantly 
(p<0.05) decreased with a decrease in body weight. A significant 
(p<0.05) decrease in relative liver weight was recorded in Arsenic 
treated rats when compared with control rats. Pre-treatment with 
THC effectively attenuated the As-induced alterations in food and 
water intake and body weight when compared with Arsenic treated 
rats. Administration of THC alone to rats did not show any alterations 
in these parameters and did not differ significantly from that of the 
normal control group. 

Table 2 illustrates the effects of Arsenic on hepatic marker enzymes 
in control and experimental rats. In arsenic treated rats, the activities of 
serum hepatospecific enzymes, were significantly (P<0.05) increased, 
when compared with control rats. But, oral administration of THC (80 
mg/kg bw/day) to normal rats did not show any significant (P<0.05) 
effect on hepatic markers. Pre-treatment of THC (80 mg/kg bw/day) 
with arsenic significantly (P<0.05) decreased the levels of serum hepatic 
markers and bilirubin.

Figure 3 exhibits the levels of blood and hepatic ALAD in control 
and experimental animals. As intoxicated animals showed a significant 
(p<0.05) decrease in the levels of blood and hepatic ALAD when 
compared with control rats. Pre-administered with THC significantly 
(p<0.05) restored the altered levels of blood and hepatic ALAD by 
Arsenic to near normalcy levels in rats when compared with As-treated 
rats.

Table 3 represents the effect of Arsenic on TBARS, LOOH, PC and 

CD in control and experimental animals. The rats treated with Arsenic 
the levels of TBARS, LOOH, PC and CD were significantly (p<0.05) 
increased when compared with control rats. Pre-administration of 
THC in arsenic intoxicated rats significantly (p<0.05) decreased the 
level of these oxidative stress markers in liver when compared with 
arsenic treated rats. 

Table 4 shows the effect of As on GSH, TSH, vitamins C and E in 
control and experimental animals.The levels of GSH, TSH, vitamins C 
and E were significantly (p<0.05) decreased in the liver tissues of arsenic 
intoxicated rats when compared to control rats. Pre-administration 
of THC in arsenic treated rats significantly (p<0.05) protected the 
depleted levels of GSH, TSH, vitamins C and E contents in liver when 
compared with arsenic treated rats. THC alone treated rats did not 
show any alterations in these parameters when compared with control 
group. 

Table 5 illustrates the effect of As on SOD, CAT, GPx, GR, GST 
and G6PD in control and experimental animals. A significant (p<0.05) 
decrease in the activities of SOD, CAT, GPx, GR, GST and G6PD 
were observed in arsenic intoxicated rats when compared with control 
rats. Pre-treatment with THC in arsenic intoxicated rats showed a 
significant (p<0.05) increase in the activities of antioxidant enzymes in 
the liver when compared with arsenic intoxicated rats.

Figure 4 shows the effect of Arsenic on the activities membrane 
bound ATPase enzymes (Na+K+ ATPase, Ca2+ATPase and Mg2+ 
ATPase) in control and experimental animals. A significant (p<0.05) 
decrease in the activities of membrane bound ATPase enzymes were 
observed in arsenic intoxicated rats as compared with control rats. Pre-
administration with THC in arsenic treated rats significantly (p<0.05) 
elevated the activities of ATPase enzymes in liver when compared with 
arsenic alone treated rats.

Figure 5 and 6 shows the alterations in the comet assay parameters 
of control and experimental rats. A significant (p<0.05) increase in 
different comet assay parameter such as % DNA in tail, tail length 
and tail movement was observed in rats treated with Arsenic when 
compared with control rats. Pre-treatment THC along with Arsenic 
significantly (p<0.05) reduced the % DNA in tail, tail length and tail 
movement in hepatocytes. Control and THC alone treated rats showed 
no DNA migration.

Variables Control Arsenic Arsenic + THC   THC

Body weight
Initial (g) 184±2.62   189 ± 6.21 191 ± 5.46 187 ± 7.02
Final (g) 216 ± 9.88 162 ± 7.45 195 ± 10.24 218 ± 8.46

Body weight gain (%) 15.78 5.95 12.46 16.07
Food intake (g/100 g bw/day) 22.15 ± 2.06a 17.34 ± 0.72b 19.56 ± 1.18c 25.02 ± 0.78a

Water intake (mL/rat/day) 17.13 ± 1.22a 11.04 ± 1.78b 14.47 ± 1.14c 18.43 ± 0.68a

Organ-body weight ratio (%) liver 2.41 ± 0.64a 3.52 ± 0.58b 3.07 ± 1.42c 3.76 ± 0.59a

Values are expressed mean ± SD for six rats in each group; a, b and cValues are not sharing a common superscript letter (a, b and c) differ significantly at p<0.05 (DMRT).

Table 1: Changes in body weight, body weight gain, food intake, water intake and organ-body weight ratio in control and experimental rats.

Groups Control Arsenic Arsenic + THC THC
AST (min/mg protein) 120.48 ± 7.84a 168.02 ± 9.12b 143.09 ± 6.77c 118.41 ± 4.78d

ALT (min/mg protein) 46.68 ± 4.52a 78.37 ± 3.14b 59.46 ± 5.23c 38.92 ± 5.18d

ALP (min/mg protein) 89.64 ± 6.75a 118.58 ± 8.04b 109.07 ± 7.47c 82.96 ± 6.05d

LDH (min/mg protein) 149.78 ± 8.64a 186.52 ± 7.58b 169.57 ± 9.02c 140.66 ± 6.17d

GGT (µg/mg protein) 0.54 ± 0.05a 0.98 ± 0.06b 0.76 ± 0.07c 0.46 ± 0.02d

Bilirubin (µg/mg protein) 0.18 ± 0.04a 0.54 ± 0.07b 0.34 ± 0.06c 0.09 ± 0.05d

Values are mean ± SD for 6 rats in each group; a, b, c and dValues are not sharing a common superscript letter (a, b, c and d) differ significantly at p<0.05 (DMRT).

Table 2: Effect of THC on the levels of AST, ALT, ALP, LDH, GGT and Bilirubin in the liver of control and experimental rat
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Histopathological studies show that arsenic administration induces 
various pathological changes in the liver (Figure 7). Control rats and 
THC treated rats showed a normal architecture of the liver. Exposure 
of arsenic resulted in changes in liver architecture as indicated by portal 
triad with mild inflammation, cell infiltration, focal necrosis and giant 
cell formation. Arsenic along with THC supplementation showed near 
normal hepatocytes with mild portal inflammation.

Discussion
The present study was designed to evaluate the protective and 

ameliorative efficacy of THC on Arsenic induced oxidative hepatic 
dysfunction in rats. From the earlier findings, reduction of body weight 
is used as a key indicator for the deterioration of rat general health 
status [51] and an excessive Arsenic exposure has changed body weight, 
absolute and relative liver weights, leading to significant decrease 
in animal growth and alterations in organ-body weight ratio in the 
present study. Similarly, these observations were related to our previous 
publication by Muthumani and Milton prabu [52] who reported that 
high Arsenic exposure have significantly induced disturbances of the 
intake of water and food, total body weight, absolute and relative liver 
weights of rats. Accordingly, all the morphological changes observed in 
arsenic intoxicated rats were ameliorated by administered with THC.

Exposure of arsenic leads to liver injury indicating that the cellular 
leakage of serum hepatic marker enzymes into blood stream and loss 
of functional integrity of hepatic membrane architecture [53]. Our 
results were representing a significant increase in the levels of AST, 
ALT, ALP and LDH from hepatocyte membrane damage due to 
Arsenic intoxication. GGT is known as an important enzyme for liver 
function and recently it has been used as an oxidative stress marker 
through generation of free radicals via Fenton reaction in the presence 
of iron [54]. Previous report of Muthumani and Milton prabu [52] 
showed that the increase level of total bilirubin concentration was 
associated with free radical production in rats treated with arsenic. Pre-

Figure 3: Effect of THC on the levels of blood and liver ALAD in control and 
experimental rats. Values are mean ± SD for 6 rats in each group; Values are 
not sharing a common superscript letter (a, b and c) differ significantly at p < 
0.05 (DMRT).

Groups Control Arsenic Arsenic + 
THC THC

ROS
(pmol/mg protein)   

TBARS (nmol/100g 
wet tissue)

12.83 ± 3.05a       

4.27 ± 0.65a

34.04 ± 3.98b      

9.02 ± 0.85b

23.76 ± 1.67c        

6.91 ± 1.02c

11.96 ± 2.99a

3.24 ± 0.71d

LOOH (nmol/100g 
wet tissue) 0.95 ± 0.12a 2.92 ± 0.34b 1.64 ± 0.25c 0.83 ± 0.07d

CD (nmol/100g wet 
tissue) 29.49 ± 4.62a 52.94 ± 7.34b 38.02 ± 5.21c 24.36 ± 2.42d

PC (nmol/mg 
protein) 8.24 ± 0.57a 17.53 ± 0.68b 13.46 ± 0.62c 5.96 ± 0.76d

Values are mean ± SD for 6 rats in each group; a, b, c and dValues are not sharing a common 
superscript letter (a, b, c and d) differ significantly at p<0.05 (DMRT).
The levels of TBARS were expressed as nmol/100g wet tissue.
The levels of LOOH and CD were expressed as nmol/100g wet tissue.
The levels of PC were expressed as nmol/mg protein.

Table 3: Effect of THC on the levels of TBARS, LOOH, CD and PC in the liver of 
control and experimental rats.

Groups Control Arsenic Arsenic + THC THC
GSH (µg/mg protein) 64.45 ± 3.53a 38.54 ± 2.91b 52.32 ± 3.21c 66.93 ± 4.02d

TSH (µg/mg protein) 18.04 ± 0.25a 9.73 ± 0.26b 13.29 ± 0.45c 22.79 ± 0.39d

Vitamin C (µmol/mg 
tissue) 2.94 ± 0.09a 1.28 ± 0.06b 2.03 ± 0.04c 3.48 ± 0.08d

Vitamin E (µmol/mg 
tissue) 0.32 ± 0.04a 0.17 ± 0.03b 0.26 ± 0.04c 0.38 ± 0.06d

Values are mean ± SD for 6 rats in each group; a, b, c and dValues are not sharing a 
common superscript letter (a, b, c and d) differ significantly at p<0.05 (DMRT).
The levels of GSH and TSH were expressed as µg/mg protein.
The levels of vitamins C and E were expressed as µmol/mg tissue.

Table 4: Effect of THC on the levels of GSH, TSH, vitamins C and E in the liver of 
control and experimental rats.

Groups Control Arsenic Arsenic + THC THC
SOD (min/mg 

protein) 8.54 ± 0.32a 5.08 ± 0.18b 6.59 ± 0.24c 9.96 ± 0.58d

CAT (min/mg 
protein) 122.48 ± 8.24a 86.65 ± 6.08b 102.49 ± 7.81c 126.39 ± 6.93d

GPx (min/mg 
protein) 6.02 ± 0.48a 3.91 ± 0.53b 5.02 ± 0.61c 7.78 ± 0.74d

GST (min/mg 
protein) 0.64 ± 0.12a 0.31 ± 0.14b 0.52 ± 0.17c 0.85 ± 0.21d

GR (µg/mg 
protein) 0.32 ± 0.04a 0.19 ± 0.05b 0.25 ± 0.04c 0.38 ± 0.06d

G6PD (µg/mg 
protein) 3.07 ± 0.72a 1.24 ± 0.49b 2.02 ± 0.53c 4.05 ± 0.41d

Values are mean ± SD for 6 rats in each group; a, b, c and dValues are not sharing a 
common superscript letter (a, b, c and d) differ significantly at p<0.05 (DMRT).
SOD – One unit of enzyme activity was taken as the enzyme reaction, which gave 
50% inhibition of NBT reduction in one minute/mg protein.
CAT – µmol of H2O2 utilized/min/mg protein.
GPx – µg of GSH consumed/min/mg protein.
GST – µmol of CDNB-GSH conjugate formed/min/mg protein 
The activities of GR were expressed as nmol of NADPH oxidized/min/mg protein.
G6PD were expressed as nmol of NADPH formed/min/mg protein.

Table 5: Effect of THC on the levels of SOD, CAT, GPx, GST, GR and G6PD in the 
liver of control and experimental rats
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Figure 4: Effect of THC on the activities of membrane bound adenosine triphosphatases (ATPase) enzymes in the liver of control and experimental rats. Values are 
mean ± SD for six rats in each group; Values are not sharing a common superscript letter (a, b, and c) differ significantly at p < 0.05 (DMRT); Units for ATPases μg 
pi liberated/min/mg protein.

Figure 5: Representative photographs of comets stained with SYBR green-I at a magnification of 200X showing the DNA migration pattern in hepatocytes. (A) Control 
group shows no DNA migration. (B) Arsenic treated group shows extensive DNA migration. (C) THC administered arsenic intoxicated group shows the minimal DNA 
migration. (D) THC administered group shows no DNA migration. The symbols – and + represents cathode and anode, respectively, during electrophoresis.



Page 7 of 10

Volume 3 • Issue 4• 1000168
J Clin Toxicol
ISSN: 2161-0495 JCT, an open access journal

Citation: Citation: Muthumani M (2013) Tetrahydrocurcumin Potentially Attenuates Arsenic Induced Oxidative Hepatic Dysfunction in Rats. J Clin 
Toxicol 3: 168. doi:10.4172/2161-0495.1000168

administration of THC decreased the levels of AST, ALT, ALP, LDH, 
GGT and bilirubin, thus offering protection against arsenic induced 
toxicity by stabilizing the cell membrane of hepatocytes [55].

δ-Aminolevulinic acid dehydratase (ALAD) is a sulfhydryl 
containing enzyme that catalyzes the asymmetric condensation of two 
molecules of aminolevulinic acid (ALA-substrate) to prophobilinogen 

during heme synthesis pathway. Administration of Arsenic exerted a 
significant depletion in the levels of blood and liver ALAD. Since arsenic 
has a high affinity for sulfhydryl, this may lead to possible inhibition of 
ALAD activity. An inhibition in the activity of blood and liver ALAD 
may lead to a significant accumulation of ALA. Therefore, there was 
a possibility of increased ALA might generate more reactive oxygen 

Figure 6: Effect of THC on DNA damage in the hepatocytes of control and experimental rats. Arbitrary unit = Percentage tail DNA × tail length; Values are mean ± SD 
for six rats in each group; Values are not sharing a common superscript letter (a, b and c) differ significantly at p < 0.05 (DMRT).

Figure 7: Representative photographs from the liver of control and experimental rats: Histologic features (A-E) of liver sections stained with H&E treatment. Typical 
images were chosen from each experimental group. (Original magnifications 200X). (A) Control group showing normal hepatic architecture. (B&C)  Arsenic treated 
group showing the severe hepatocellular necrosis, inflammatory cell infiltration and apoptotic changes in liver tissue. (D) THC+ Arsenic treated group showing almost 
normal histological features of liver. (E) THC alone treated rat showing normal showing the normal histological features of liver tissue.
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intermediates (ROIs) and thus oxidative stress [56]. Pre-administration 
of THC significantly restored these blood and liver ALAD activities due 
to the direct scavenging effects of reactive oxygen species and its ability 
to inhibit thiol group oxidation [27].

Further, lipids are also participating in function of membrane 
integrity, while TBARS, LOOH and CD were measured as the index 
of lipid peroxidation [57]. Elevated level of protein carbonyl content 
also formed from oxidation of protein due to Arsenic exposure was 
observed in the present investigation. Results from the present study, 
there was a significant decreased levels of TBARS, LOOH, PC and CD 
in the liver. Decreased levels of oxidative stress markers expressed 
in arsenic treated rats pre-administered with THC, due to its radical 
scavenging activity leads to prevention of lipid peroxidation [27].

GSH is a tripeptide non-enzymatic antioxidant and protects cells 
against arsenic induced reactive oxygen species [58]. Reduced GSH is 
required for vitamins C and E to regenerate its active forms. Further, 
GSH prevent the oxidation of sulfhydryl groups [59]. In our study, GSH 
level decreased in the liver of As-treated rats due to oxidation of GSH 
by free radicals [60] or sulfhydryl group of cysteine moiety in GSH has 
a high affinity for Arsenic forming As-GSH complex [15] or its electron 
donor ability [61] and finally these complexes excreted via the bile [60]. 
Vitamin E is an important lipid soluble antioxidant present in cells and 
play a major role in scavenging of free radicals including 1O2, HO•,•O2

-, 
Peroxyl, and alkoxyl radicals in lipid peroxidation [62]. Moreover, 
Vitamin C reduces the vitamin E derived tocopheroxyl radical α-TO• 
[63]. Pre-administration of THC lack the free radicals complex with 
GSH by the radical scavenging activity lead to increases the levels of 
total sulfhydryl group (TSH), vitamins C and E in the presence of GSH 
[27]. 

Several enzymatic antioxidants such as SOD, CAT, GPx , GST,GR 
and G6PDH are the first line of defence against oxidative stress 
induced by As. SOD and CAT are the two basic subcellular defence of 
antioxidant system that counteracts free radicals produced during As 
exposure. SOD dismutase the superoxide anion to H2O2.CAT converts 
these hydroxyl radical into water molecule. A decreased activity of 
SOD and CAT in arsenic-exposed rats reflects elevated production of 
superoxide radical anions [64] and insufficient requirement of NADPH, 
which is required for the activation of CAT from its inactivated form 
[65]. Furthermore, glutathione-related enzymes, such as GPx, GR and 
GST act as antioxidants either directly or indirectly against Arsenic 
induced hepato toxicity. GST is an isoenzyme involved in the process 
of forming S-substitute in GSH during reacts with toxicants [66]. Due 
to the presence of selenium in GPx lead to inhibition of GPx activity 
through the arsenic-selenium complex [67]. Both GST and GPx reduce 
the organic hydro peroxides within membranes and lipoproteins in 
the presence of GSH. In addition decreased levels of GR and G6PD 
in arsenic treated rats showed the inhibition of GSH, which are 
required for the reduction of GSSG to GSH. Accordingly oral pre-
administration of THC in the liver of arsenic-treated rats elevated the 
levels of enzymatic antioxidants which could be due to the orientation 
of functional groups in 3rd, 4th position of methoxy, hydroxyl group 
in benzene ring and positions of 3rd and 5th  identical β-diketone in 
heptane moiety.

Membrane bound ATPases are the sulfhydryl group containing 
enzymes and lipid dependant [68]. Reduction in the activity of these 
enzymes might be due to enhanced lipid peroxidation by free radicals. 
Arsenic enhances the production of free radicals in the liver of rat and 
interferes with the antioxidant defence system leads to the alteration 
of structural integrity of membrane lipids and secondarily affects the 

membrane bound enzymes. In the present study, reduced activity of 
Mg2+ ATPase and Na+/K+ ATPase are responsible for ionic imbalance 
caused by As which damages the membranous lipids. Moreover, 
Arsenic decreased the activity of Ca2+ ATPase observed in the result 
due to high affinity for SH groups. This could be due to the ability of 
THC to protect the sulfhydryl group from oxidative damage through 
the inhibition of lipid peroxidation by scavenging of free radicals [27]. 
Interestingly, the restoration of membrane bound enzymes supported 
by the restoration of serum marker enzymes.

Mostly, the assay of comet is a rapid, perceptive and versatile 
method for the quantification of DNA damage in the individual 
cells [69]. The increased levels of % DNA in tail, tail length, and 
tail movement were observed in the present study. Earlier studies 
demonstrated that the lipid peroxidation products of polyunsaturated 
fatty acids such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal 
(HNE) play a major role in genotoxicity of the cell [70]. Results of the 
present studies are reliable with the previous reports, which show that 
arsenic produces DNA single strand breaks [71]. The levels of DNA 
damage significantly decreased in the hapatocytes of THC treated rats. 
THC is a well-known free-radical scavenger and thereby it reduces 
the ROS mediated lipid peroxidation and oxidative DNA damage by 
arsenic. Prabhu et al. [27] demonstrated that THC acts as an effective 
scavenger of reactive oxygen radicals in perfused hepatocytes and 
thereby reduced the oxidative stress. 

Various pathological alterations were observed in the liver of 
arsenic intoxicated rats such as portal triad with mild inflammation, cell 
infiltration, focal necrosis, and giant cell formation. Pre-administration 
of THC recovered the histological alterations induced by arsenic in the 
liver. 

From the present investigation, the chemical moieties which 
are attributed to the antioxidant property of THC are hydroxyl and 
methoxyphenyl groups in 4, 4’ and 3, 3’ position in benzene ring and 
shows identical β-diketone of 3rd and 5th substitution in heptane moiety. 
THC showed the highest potency, implying that hydrogenation of 
curcuminoids increased their antioxidant activity. Moreover THC is a 
phenolic chain-breaking antioxidant, which donates H atoms from the 
phenolic OH groups and the H atom donation takes place at the active 
methylene groups in the diketone moiety. Phenolic groups in THC are 
essential for activity, and are more effective at the para position than at 
the ortho position. In addition, an electron donating group at the ortho 
position relative to the phenolic group is also required for activity. 
This theoretical approach favors the necessity of a phenolic OH group 
for the antioxidant activity of THC. It concludes that arsenic induced 
hepato toxicity can be significantly prevented by the antioxidant 
efficacy of THC. 

Conclusion
From the observations, we conclude that Arsenic administration 

results in pronounced oxidative stress and cellular damage to that 
liver tissue. Pre-administration of THC was found to be effective in 
ameliorating the biochemical abnormalities caused by Arsenic. The 
histopathological findings also confirmed the cytoprotection rendered 
by THC.

Conflicts of Interest 
The authors declare that there are no conflicts of interest. 

Acknowledgement

Authors extend their thanks to the Professor and Head, Department of Zoology 
and UGC-SAP for their generous support in this study.



Page 9 of 10

Volume 3 • Issue 4• 1000168
J Clin Toxicol
ISSN: 2161-0495 JCT, an open access journal

Citation: Citation: Muthumani M (2013) Tetrahydrocurcumin Potentially Attenuates Arsenic Induced Oxidative Hepatic Dysfunction in Rats. J Clin 
Toxicol 3: 168. doi:10.4172/2161-0495.1000168

References 
1.	 Mandal BK, Suzuki KT (2002) Arsenic round the world: a review. Talanta 58: 

201-235.

2.	 Islam K, Haque A, Karim R, Fajol A, Hossain E, et al. (2011) Dose- response 
relationship between arsenic exposure and the serum enzymes for liver 
function tests in the individuals exposed to arsenic: a cross sectional study in 
Bangladesh. Environ Health 10:64. 

3.	 Zhang W, Xue J, Ge M, Yu M, Liu L, et al. (2013) Resveratrol attenuates 
hepatotoxicity of rats exposed to arsenic trioxide. Food Chem Toxicol 51: 87-
92.

4.	 Kannan GM, Flora SJ (2004) Chronic arsenic poisoning in the rat: treatment 
with combined administration of succimers and an antioxidant. Ecotoxicol 
Environ Saf 58: 37-43.

5.	 Flora SJ, Dube SN, Arora U, Kannan GM, Shukla MK, et al. (1995) Therapeutic 
potential of meso 2,3-dimercaptosuccinic acid or 2,3-dimercaptopropane 
1-sulfonate in chronic arsenic intoxication in rats. Biometals 8: 111-116.

6.	 ATSDR (2007) Toxicological Profile for Arsenic. Agency for Toxic Substances 
and Disease Registry. 

7.	 Smith AH, Arroyo AP, Mazumder DN, Kosnett MJ, Hernandez AL, et al. (2000) 
Arsenic-induced skin lesions among Atacameño people in Northern Chile 
despite good nutrition and centuries of exposure. Environ Health Perspect 108: 
617-620.

8.	 Kapaj S, Peterson H, Liber K, Bhattacharya P (2006) Human health effects 
from chronic arsenic poisoning--a review. J Environ Sci Health A Tox Hazard 
Subst Environ Eng 41: 2399-2428.

9.	 Meliker JR, Wahl RL, Cameron LL, Nriagu JO (2007) Arsenic in drinking 
water and cerebrovascular disease, diabetes mellitus, and kidney disease in 
Michigan: a standardized mortality ratio analysis. Environ Health 6: 4.

10.	Vahidnia A, Romijn F, van der Voet GB, de Wolff FA (2008) Arsenic-induced 
neurotoxicity in relation to toxicokinetics: effects on sciatic nerve proteins. 
Chem Biol Interact 176: 188-195.

11.	Yadav RS, Shukla RK, Sankhwar ML, Patel DK, Ansari RW, et al. (2010) 
Neuroprotective effect of curcumin in arsenic-induced neurotoxicity in rats. 
NeuroToxicology 31: 533–539. 

12.	Jana K, Jana S, Samanta PK (2006) Effects of chronic exposure to sodium 
arsenite on hypothalamo-pituitary-testicular activities in adult rats: possible an 
estrogenic mode of action. Reprod Biol Endocrinol 4: 9.

13.	Tapio S, Grosche B (2006) Arsenic in the aetiology of cancer. Mutat Res 612: 
215-246.

14.	Banerjee M, Banerjee N, Ghosh P, Das JK, Basu S, et al. (2010) Evaluation of 
the serum catalase and myeloperoxidase activities in chronic arsenic-exposed 
individuals and concomitant cytogenetic damage. Toxicol Appl Pharmacol 249: 
47–54. 

15.	Aposhian HV (1989) Biochemical toxicology of arsenic. Rev Biochem Toxicol 
10:265–99. 

16.	Liu J, Kaduska M, Liu Y, Qu W, Mason RP, et al. (2000) Acute arsenic induced 
free radical production and oxidative stress related gene expression in mice. 
Toxicologists 54: 280–281. 

17.	Modi M, Pathak U, Kalia K, Flora SJ (2005) Arsenic antagonism studies with 
monoisoamyl DMSA and zinc in male mice. Environ Toxicol Pharmacol 19: 
131-138.

18.	Liu J, Waalkes MP (2008) Liver is a target of arsenic carcinogenesis. Toxicol 
Sci 105: 24-32.

19.	Flora SJ, Bhadauria S, Kannan GM, Singh N (2007) Arsenic induced oxidative 
stress and the role of antioxidant supplementation during chelation: a review. J 
Environ Biol 28: 333-347.

20.	Block KI, Koch AC, Mead MN, Tothy PK, Newman RA, et al. (2007) Impact 
of antioxidant supplementation on chemotherapeutic efficacy: a systematic 
review of the evidence from randomized controlled trials. Cancer Treat. Rev. 
33: 407–418. 

21.	Block KI, Koch AC, Mead MN, Tothy PK, Newman RA, et al. (2008) Impact of 
antioxidant supplementation on chemotherapeutic toxicity: a systematic review 
of the evidence from randomized controlled trials. Int J Cancer 123: 1227-1239.

22.	Murugan P, Pari L (2007) Protective role of tetrahydrocurcumin on changes 

in the fatty acid composition in streptozotocin-nicotinamide induced type 2 
diabetic rats. J Appl Biomed 5: 31–38. 

23.	Sugiyama Y, Kawakishi S, Osawa T (1996) Involvement of the beta-diketone 
moiety in the antioxidative mechanism of tetrahydrocurcumin. Biochem 
Pharmacol 52: 519-525.

24.	Patumraj S, Yoysungneon P (2007) Curcumin as a therapeutic agent against 
cancer. Asian Biomed 1:239-252. 

25.	Holder GM, Plummer JL, Ryan AJ (1978) The metabolism and excretion of 
curcumin (1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) in 
the rat. Xenobiotica 8: 761-768.

26.	Okada K, Wangpoengtrakul C, Tanaka T, Toyokuni S, Uchida K, et al. (2001) 
Curcumin and especially tetrahydrocurcumin ameliorate oxidative stress-
induced renal injury in mice. J Nutr 131: 2090-2095.

27.	Prabhu R, Hedge K, Shabaraya AR, Rao MNA (2011) Scavenging potential 
of reactive oxygen species by Tetrahydrocurcumin. Journal of Applied 
Pharmaceutical Science 1:114-118. 

28.	Pari L, Amali DR (2005) Protective role of tetrahydrocurcumin (THC) an active 
principle of turmeric on chloroquine induced hepatotoxicity in rats. J Pharm 
Pharm Sci 8: 115-123.

29.	North DW, Gibb HJ, Abernathy CO (1997) As: past, present and future 
considerations. In: Abernathy CO, Calderon RL, Chappell WR., eds. As 
Exposure and Health Effects, Chapman and Hall, London, UK, pp: 407–423. 

30.	Rosalki SB, Rav D, Lchman D, Prentice M (1970) Determination of serum 
gamma-glutamyl transpeptitase activity and its clinical applications. Ann Clin 
Biochem 7:143–147. 

31.	Berlin A, Schaller KH (1974) European standardized method for the 
determination of delta-aminolevulinic acid dehydratase activity in blood. Z Klin 
Chem Klin Biochem 12: 389-390.

32.	Goering PL, Maronpot RR, Fowler BA (1988) Effect of intratracheal gallium 
arsenide administration on delta-aminolevulinic acid dehydratase in rats: 
relationship to urinary excretion of aminolevulinic acid. Toxicol Appl Pharmacol 
92: 179-193.

33.	Niehaus WG Jr, Samuelsson B (1968) Formation of malonaldehyde from 
phospholipid arachidonate during microsomal lipid peroxidation. Eur J Biochem 
6: 126-130.

34.	Jiang ZY, Hunt JV, Wolff SP (1992) Ferrous ion oxidation in the presence of 
xylenol orange for detection of lipid hydroperoxide in low density lipoprotein. 
Anal Biochem 202: 384-389.

35.	Levine RL, Garland D, Oliver CN, Amici A, Climent I, et al. (1990) Determination 
of carbonyl content in oxidatively modified proteins. Methods Enzymol 186: 
464-478.

36.	Rao KS, Recknagel RO (1968) Early onset of lipoperoxidation in rat liver after 
carbon tetrachloride administration. Exp Mol Pathol 9: 271-278.

37.	ELLMAN GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys 82: 70-
77.

38.	Omaye ST, Turbull TD, Sauberlich HC (1979) Selected method for the 
determination of ascorbic acid in animal cells, tissues and fluids In: McCormic 
DB, Wright DL. (eds) Methods in Enzymology. Academic Press, New York, 
pp: 3–11. 

39.	Desai ID (1984) Vitamin E analysis methods for animal tissues. Methods 
Enzymol 105: 138-147.

40.	Kakkar P, Das B, Viswanathan PN (1984) A modified spectrophotometric assay 
of superoxide dismutase. Indian J Biochem Biophys 21: 130-132.

41.	Sinha AK (1972) Colorimetric assay of catalase. Anal Biochem 47: 389-394.

42.	Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG, et al. (1973) 
Selenium: biochemical role as a component of glutathione peroxidase. Science 
179: 588-590.

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

44.	Horn HD, Burns FH (1978) Assay of glutathione reductase activity. In: 
Bergmeyer HV ed. Methods of Enzymatic Analysis, Academic Press, New York 
pp: 142–146. 

45.	Beutler E (1983) Active transport of glutathione disulfide from erythrocytes. 

http://www.ncbi.nlm.nih.gov/pubmed/18968746
http://www.ncbi.nlm.nih.gov/pubmed/18968746
http://www.ncbi.nlm.nih.gov/pubmed/21740555
http://www.ncbi.nlm.nih.gov/pubmed/21740555
http://www.ncbi.nlm.nih.gov/pubmed/21740555
http://www.ncbi.nlm.nih.gov/pubmed/21740555
http://www.ncbi.nlm.nih.gov/pubmed/23023136
http://www.ncbi.nlm.nih.gov/pubmed/23023136
http://www.ncbi.nlm.nih.gov/pubmed/23023136
http://www.ncbi.nlm.nih.gov/pubmed/15087161
http://www.ncbi.nlm.nih.gov/pubmed/15087161
http://www.ncbi.nlm.nih.gov/pubmed/15087161
http://www.ncbi.nlm.nih.gov/pubmed/7734923
http://www.ncbi.nlm.nih.gov/pubmed/7734923
http://www.ncbi.nlm.nih.gov/pubmed/7734923
http://www.atsdr.cdc.gov/toxprofiles/tp2.pdf
http://www.atsdr.cdc.gov/toxprofiles/tp2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10903614
http://www.ncbi.nlm.nih.gov/pubmed/10903614
http://www.ncbi.nlm.nih.gov/pubmed/10903614
http://www.ncbi.nlm.nih.gov/pubmed/10903614
http://www.ncbi.nlm.nih.gov/pubmed/17018421
http://www.ncbi.nlm.nih.gov/pubmed/17018421
http://www.ncbi.nlm.nih.gov/pubmed/17018421
http://www.ncbi.nlm.nih.gov/pubmed/17274811
http://www.ncbi.nlm.nih.gov/pubmed/17274811
http://www.ncbi.nlm.nih.gov/pubmed/17274811
http://www.ncbi.nlm.nih.gov/pubmed/18674524
http://www.ncbi.nlm.nih.gov/pubmed/18674524
http://www.ncbi.nlm.nih.gov/pubmed/18674524
http://www.ncbi.nlm.nih.gov/pubmed/20466022
http://www.ncbi.nlm.nih.gov/pubmed/20466022
http://www.ncbi.nlm.nih.gov/pubmed/20466022
http://www.ncbi.nlm.nih.gov/pubmed/16483355
http://www.ncbi.nlm.nih.gov/pubmed/16483355
http://www.ncbi.nlm.nih.gov/pubmed/16483355
http://www.ncbi.nlm.nih.gov/pubmed/16574468
http://www.ncbi.nlm.nih.gov/pubmed/16574468
http://www.ncbi.nlm.nih.gov/pubmed/20732340
http://www.ncbi.nlm.nih.gov/pubmed/20732340
http://www.ncbi.nlm.nih.gov/pubmed/20732340
http://www.ncbi.nlm.nih.gov/pubmed/20732340
http://www.ncbi.nlm.nih.gov/pubmed/21783469
http://www.ncbi.nlm.nih.gov/pubmed/21783469
http://www.ncbi.nlm.nih.gov/pubmed/21783469
http://www.ncbi.nlm.nih.gov/pubmed/18566022
http://www.ncbi.nlm.nih.gov/pubmed/18566022
http://www.ncbi.nlm.nih.gov/pubmed/17929749
http://www.ncbi.nlm.nih.gov/pubmed/17929749
http://www.ncbi.nlm.nih.gov/pubmed/17929749
http://www.ncbi.nlm.nih.gov/pubmed/17367938
http://www.ncbi.nlm.nih.gov/pubmed/17367938
http://www.ncbi.nlm.nih.gov/pubmed/17367938
http://www.ncbi.nlm.nih.gov/pubmed/17367938
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.ncbi.nlm.nih.gov/pubmed/18623084
http://www.zsf.jcu.cz/jab_old/5_1/pari2.pdf
http://www.zsf.jcu.cz/jab_old/5_1/pari2.pdf
http://www.zsf.jcu.cz/jab_old/5_1/pari2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/8759023
http://www.ncbi.nlm.nih.gov/pubmed/8759023
http://www.ncbi.nlm.nih.gov/pubmed/8759023
http://imsear.hellis.org/bitstream/123456789/135158/1/abm2007v1n3p239.pdf
http://imsear.hellis.org/bitstream/123456789/135158/1/abm2007v1n3p239.pdf
http://www.ncbi.nlm.nih.gov/pubmed/726520
http://www.ncbi.nlm.nih.gov/pubmed/726520
http://www.ncbi.nlm.nih.gov/pubmed/726520
http://www.ncbi.nlm.nih.gov/pubmed/11481399
http://www.ncbi.nlm.nih.gov/pubmed/11481399
http://www.ncbi.nlm.nih.gov/pubmed/11481399
http://www.japsonline.com/admin/php/uploads/96_pdf.pdf
http://www.japsonline.com/admin/php/uploads/96_pdf.pdf
http://www.japsonline.com/admin/php/uploads/96_pdf.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15946605
http://www.ncbi.nlm.nih.gov/pubmed/15946605
http://www.ncbi.nlm.nih.gov/pubmed/15946605
http://www.ncbi.nlm.nih.gov/pubmed/4428852
http://www.ncbi.nlm.nih.gov/pubmed/4428852
http://www.ncbi.nlm.nih.gov/pubmed/4428852
http://www.ncbi.nlm.nih.gov/pubmed/3341032
http://www.ncbi.nlm.nih.gov/pubmed/3341032
http://www.ncbi.nlm.nih.gov/pubmed/3341032
http://www.ncbi.nlm.nih.gov/pubmed/3341032
http://www.ncbi.nlm.nih.gov/pubmed/4387188
http://www.ncbi.nlm.nih.gov/pubmed/4387188
http://www.ncbi.nlm.nih.gov/pubmed/4387188
http://www.ncbi.nlm.nih.gov/pubmed/1519766
http://www.ncbi.nlm.nih.gov/pubmed/1519766
http://www.ncbi.nlm.nih.gov/pubmed/1519766
http://www.ncbi.nlm.nih.gov/pubmed/1978225
http://www.ncbi.nlm.nih.gov/pubmed/1978225
http://www.ncbi.nlm.nih.gov/pubmed/1978225
http://www.ncbi.nlm.nih.gov/pubmed/4952076
http://www.ncbi.nlm.nih.gov/pubmed/4952076
http://www.ncbi.nlm.nih.gov/pubmed/13650640
http://www.ncbi.nlm.nih.gov/pubmed/13650640
http://www.ncbi.nlm.nih.gov/pubmed/6727662
http://www.ncbi.nlm.nih.gov/pubmed/6727662
http://www.ncbi.nlm.nih.gov/pubmed/6490072
http://www.ncbi.nlm.nih.gov/pubmed/6490072
http://www.ncbi.nlm.nih.gov/pubmed/4556490
http://www.ncbi.nlm.nih.gov/pubmed/4686466
http://www.ncbi.nlm.nih.gov/pubmed/4686466
http://www.ncbi.nlm.nih.gov/pubmed/4686466
http://www.ncbi.nlm.nih.gov/pubmed/4436300
http://www.ncbi.nlm.nih.gov/pubmed/4436300


Page 10 of 10

Volume 3 • Issue 4• 1000168
J Clin Toxicol
ISSN: 2161-0495 JCT, an open access journal

Citation: Citation: Muthumani M (2013) Tetrahydrocurcumin Potentially Attenuates Arsenic Induced Oxidative Hepatic Dysfunction in Rats. J Clin 
Toxicol 3: 168. doi:10.4172/2161-0495.1000168

In: Larson A, Orrenius S, Holmgren A, Mannerwik BEDS (eds). Functions of 
Glutathione, Biochemical, Physiological, Toxicological and Clinical Aspects, 
Raven Press, New York. 

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

47.	Bonting SL (1970) Membrane and ion transport, presence of enzyme systems 
in mammalian tissues, Wiley Interscience, London, UK, pp: 257-263. 

48.	Ohnishi T, Suzuki T, Suzuki Y, Ozawa K (1982) A comparative study of plasma 
membrane Mg2+ -ATPase activities in normal, regenerating and malignant
cells. Biochim Biophys Acta 684: 67-74.

49.	Hjertén S, Pan H (1983) Purification and characterization of two forms of a 
low-affinity Ca2+-ATPase from erythrocyte membranes. Biochim Biophys Acta 
728: 281-288.

50.	Singh NP, McCoy MT, Tice RR, Schneider EL (1988) A simple technique for
quantitation of low levels of DNA damage in individual cells. Exp Cell Res 175: 
184-191.

51.	Yousef MI, El-Demerdash FM, Radwan FM (2008) Sodium arsenite induced
biochemical perturbations in rats: ameliorating effect of curcumin. Food Chem
Toxicol 46: 3506-3511.

52.	Muthumani M, Prabu SM (2012) Silibinin potentially protects arsenic-induced
oxidative hepatic dysfunction in rats. Toxicol Mech Methods 22: 277-288.

53.	Gaskill CL, Miller LM, Mattoon JS, Hoffmann WE, Burton SA, et al. (2005)
Liver histopathology and liver serum alanine aminotransferase and alkaline
phosphatase activities in epileptic dogs receiving Phenobarbital. Vet Pathol 42: 
147–160. 

54.	Lee DH, Blomhoff R, Jacobs DR Jr (2004) Is serum gamma glutamyltransferase 
a marker of oxidative stress? Free Radic Res 38: 535-539.

55.	Pari L, Murugan P (2004) Protective role of tetrahydrocurcumin against
erythromycin estolate-induced hepatotoxicity. Pharmacol Res 49: 481-486.

56.	Bhadauria S, Flora SJ (2004) Arsenic induced inhibition of delta-
aminolevulinate dehydratase activity in rat blood and its response to meso
2,3-dimercaptosuccinic acid and monoisoamyl DMSA. Biomed Environ Sci 17: 
101-108.

57.	Nishigaki I, Hagihara M, Tsunekawa H, Maseki M, Yagi K (1981) Lipid peroxide 
levels of serum lipoprotein fractions of diabetic patients. Biochem Med 25: 373-
378.

58.	Masella R, Di Benedetto R, Varì R, Filesi C, Giovannini C (2005) Novel

mechanisms of natural antioxidant compounds in biological systems: 
involvement of glutathione and glutathione-related enzymes. J Nutr Biochem 
16: 577-586.

59.	Afzal M, Afzal A, Jones A, Armstrong D (2002) A rapid method for the 
quantification of GSH and GSSG in biological samples. Methods Mol Biol 186: 
117-122.

60.	Manna P, Sinha M, Sil PC (2008) Arsenic-induced oxidative myocardial injury:
protective role of arjunolic acid. Arch Toxicol 82: 137-149.

61.	Radabaugh TR, Aposhian HV (2000) Enzymatic reduction of arsenic 
compounds in mammalian systems: reduction of arsenate to arsenite by
human liver arsenate reductase. Chem Res Toxicol 13: 26-30.

62.	Burton GW, Joyce A, Ingold KU (1983) Is vitamin E the only lipid-soluble, chain-
breaking antioxidant in human blood plasma and erythrocyte membranes?
Arch Biochem Biophys 221: 281-290.

63.	Nishikimi M (1975) Oxidation of ascorbic acid with superoxide anion generated 
by the xanthine-xanthine oxidase system. Biochem Biophys Res Commun 63:
463-468.

64.	Yamanaka K, Hasegawa A, Sawamura R, Okada S (1991) Cellular response
to oxidative damage in lung induced by the administration of dimethylarsinic
acid, a major metabolite of inorganic arsenics, in mice. Toxicol Appl Pharmacol 
108: 205-213.

65.	Kirkman HN, Gaetani GF (1984) Catalase: a tetrameric enzyme with four tightly 
bound molecules of NADPH. Proc Natl Acad Sci U S A 81: 4343-4347.

66.	Townsend DM, Tew KD (2003) The role of glutathione-S-transferase in anti-
cancer drug resistance. Oncogene 22: 7369-7375.

67.	Zeng H, Uthus EO, Combs GF Jr (2005) Mechanistic aspects of the interaction 
between selenium and arsenic. J Inorg Biochem 99: 1269-1274.

68.	Ithayarasi AP, Devi CS (1997) Effect of alpha-tocopherol on lipid peroxidation in 
isoproterenol induced myocardial infarction in rats. Indian J Physiol Pharmacol 
41: 369-376.

69.	Fairbairn JJ, Khan MW, Ward KJ, Loveridge BW, Fairbairn DW, et al. (1995)
Induction of apoptotic cell DNA fragmentation in human cells after treatment
with hyperthermia. Cancer Lett 89: 183-188.

70.	Comporti M (1989) Three models of free radical-induced cell injury. Chem Biol
Interact 72: 1-56.

71.	Kligerman AD, Malik SI, Campbell JA (2010) Cytogenetic insights into DNA
damage and repair of lesions induced by a monomethylated trivalent arsenical. 
Mutat Res 695: 2-8.

http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/6120003
http://www.ncbi.nlm.nih.gov/pubmed/6120003
http://www.ncbi.nlm.nih.gov/pubmed/6120003
http://www.ncbi.nlm.nih.gov/pubmed/6219703
http://www.ncbi.nlm.nih.gov/pubmed/6219703
http://www.ncbi.nlm.nih.gov/pubmed/6219703
http://www.ncbi.nlm.nih.gov/pubmed/3345800
http://www.ncbi.nlm.nih.gov/pubmed/3345800
http://www.ncbi.nlm.nih.gov/pubmed/3345800
http://www.ncbi.nlm.nih.gov/pubmed/18809455
http://www.ncbi.nlm.nih.gov/pubmed/18809455
http://www.ncbi.nlm.nih.gov/pubmed/18809455
http://www.ncbi.nlm.nih.gov/pubmed/22229868
http://www.ncbi.nlm.nih.gov/pubmed/22229868
http://www.ncbi.nlm.nih.gov/pubmed/15753468
http://www.ncbi.nlm.nih.gov/pubmed/15753468
http://www.ncbi.nlm.nih.gov/pubmed/15753468
http://www.ncbi.nlm.nih.gov/pubmed/15753468
http://www.ncbi.nlm.nih.gov/pubmed/15346644
http://www.ncbi.nlm.nih.gov/pubmed/15346644
http://www.ncbi.nlm.nih.gov/pubmed/14998559
http://www.ncbi.nlm.nih.gov/pubmed/14998559
http://www.ncbi.nlm.nih.gov/pubmed/15202869
http://www.ncbi.nlm.nih.gov/pubmed/15202869
http://www.ncbi.nlm.nih.gov/pubmed/15202869
http://www.ncbi.nlm.nih.gov/pubmed/15202869
http://www.ncbi.nlm.nih.gov/pubmed/7271769
http://www.ncbi.nlm.nih.gov/pubmed/7271769
http://www.ncbi.nlm.nih.gov/pubmed/7271769
http://www.ncbi.nlm.nih.gov/pubmed/16111877
http://www.ncbi.nlm.nih.gov/pubmed/16111877
http://www.ncbi.nlm.nih.gov/pubmed/16111877
http://www.ncbi.nlm.nih.gov/pubmed/16111877
http://www.ncbi.nlm.nih.gov/pubmed/12013758
http://www.ncbi.nlm.nih.gov/pubmed/12013758
http://www.ncbi.nlm.nih.gov/pubmed/12013758
http://www.ncbi.nlm.nih.gov/pubmed/18197399
http://www.ncbi.nlm.nih.gov/pubmed/18197399
http://www.ncbi.nlm.nih.gov/pubmed/10649963
http://www.ncbi.nlm.nih.gov/pubmed/10649963
http://www.ncbi.nlm.nih.gov/pubmed/10649963
http://www.ncbi.nlm.nih.gov/pubmed/6830261
http://www.ncbi.nlm.nih.gov/pubmed/6830261
http://www.ncbi.nlm.nih.gov/pubmed/6830261
http://www.ncbi.nlm.nih.gov/pubmed/235924
http://www.ncbi.nlm.nih.gov/pubmed/235924
http://www.ncbi.nlm.nih.gov/pubmed/235924
http://www.ncbi.nlm.nih.gov/pubmed/2017750
http://www.ncbi.nlm.nih.gov/pubmed/2017750
http://www.ncbi.nlm.nih.gov/pubmed/2017750
http://www.ncbi.nlm.nih.gov/pubmed/2017750
http://www.ncbi.nlm.nih.gov/pubmed/6589599
http://www.ncbi.nlm.nih.gov/pubmed/6589599
http://www.ncbi.nlm.nih.gov/pubmed/14576844
http://www.ncbi.nlm.nih.gov/pubmed/14576844
http://www.ncbi.nlm.nih.gov/pubmed/15917080
http://www.ncbi.nlm.nih.gov/pubmed/15917080
http://www.ncbi.nlm.nih.gov/pubmed/10235659
http://www.ncbi.nlm.nih.gov/pubmed/10235659
http://www.ncbi.nlm.nih.gov/pubmed/10235659
http://www.ncbi.nlm.nih.gov/pubmed/7889527
http://www.ncbi.nlm.nih.gov/pubmed/7889527
http://www.ncbi.nlm.nih.gov/pubmed/7889527
http://www.ncbi.nlm.nih.gov/pubmed/2684438
http://www.ncbi.nlm.nih.gov/pubmed/2684438
http://www.ncbi.nlm.nih.gov/pubmed/19800024
http://www.ncbi.nlm.nih.gov/pubmed/19800024
http://www.ncbi.nlm.nih.gov/pubmed/19800024

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Materials and Methods  
	Chemicals  
	Drug 
	Animals and diet  
	Experimental design  
	Biochemical assays  
	Histopathological studies  
	Statistical analyses 

	Results 
	Discussion 
	Conclusion 
	Conflicts of Interest  
	Acknowledgement 
	Figure 1
	Figure 2
	Table 1
	Table 2
	Figure 3
	Table 3
	Table 4
	Table 5
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	References

